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Chapter 1: INTRODUCTION 
1.0 General introduction 
"Would you imagine life without plant"? Indeed we should thank green plants in 
all sense as providing food for nutrition, fiber for clothing, wood for building, and the 
oxygen for breathing. The use of plants as medicines prtdales written human history. 
Existences of living creatures are not possible without plant. Plants are globally 
recognized as a vital component of the world's biological diversity and an essential 
resource for the planet. These resources have great economic and cultural importance. 
Biodiversity or biological diversity is the storehouse of species richness and acts as a 
barrier against potentially dangerous environmental changes and economic reforms. 
In all means plants support the livelihoods of every life on planet earth. Also plants 
play a key role in maintaining the Earth's environmental balance and ecosystem 
stability. Healthy ecosystems based on plant diversity provide the conditions and 
processes that sustain life and are essential to the well-being and livelihoods of all 
humankind. Hence, conservation of such a buffer is considered fundamental and 
provided priority in all sectors of global development (Tandon et al., 2009). The 
expansion of human population and alternation of natural environment has resulted in 
biodiversity being reduced to its lowest level. 
Since, the dependence of man on plant resources is as old as human civilization. 
Traditional systems of medicine, whether they are of Indian, Chinese, Tibetan, Thai, 
Vietnamese and other origins, have evolved over several hundreds or thousands of 
years through transfer of knowledge, usage. and practices from generation to 
generation. These systems utilize the resources of plant and animal kingdom. 
Scientists have estimated that more than 50 million species of plants and animals 
including invertebrates and microorganisms occur on earth and hardly 2 million of 
them have been described by man so far, when a plant is described as medicinal, it is 
implied being very important to human health. Medicinal plants are precious part of 
the world flora. WHO estimated that more than 80, 000 species out of the 2,500,000 
higher plants on earth are reported to have at least some medicinal value and around 
5,000 species have specific therapeutic value. The contemporary phytotherapy and the 
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modern allopathic medicine use raw materials from more than 50,000 plant species 
(WHO. 2011). About two thirds of these fifty thousand plants utilized in 
pharmacological industry are harvested from wild (Edwards, 2004). Small portions 
like 10%-20% of the plants used for remedies preparations are cultivated in fields or 
under controlled conditions (Vines, 2004). The subject of 'medicinal plants' arouse 
strong feelings, providing opportunities for bringing key conservation debates into the 
public arena. 
Since, times immemorial, medicinal plants offer alternative remedies with 
tremendous opportunities. Many traditional healing herbs and plant parts have been 
shown to have medicinal value. Especially in the rural areas, these are used to prevent 
and cure several human diseases through procedures described in ancient texts such as 
the Vedas and the Bible. Even today, majority of the world population depends on 
herbal healthcare practice. The use of' traditional medicine and medicinal plants in 
most developing countries, as a nonnative basis for the maintenance of good health. 
has been widely observed (UNESCO. 1996). It is estimated that 25% medicines are 
still obtained from the plants (Tripathi and Tripathi, 2003). 
India is a known mega biodiversity center with 8% of the global biodiversity in 2.4% 
land, endowed with a rich heritage of medicinal plants wealth based on most varied 
ethnomedicinal traditions in the world (Rajasakharan and Ganeshan. 2002). It is not 
only very rich in biological diversity but is also an important centre of origin of agri-
biodiversity. The country harbours two of the 38 global biodiversity hotspots. These 
regions harbour some of the most important gene-pools of medicinal plants, wild 
varieties of cultivable crops and other species of economic importance as well as 
innumerable endemic plant species. It possess about 20,000 species of higher plants, 
one third of it being endemic and 500 species are categorized to have medicinal value 
(Krishnan el al.. 2011). The agro climatic conditions of the country provide an ideal 
habitat for natural growth of variety of plants and herbs. The famous Indian herbal 
therapy 'Ayurveda' is based mainly on herbal system. Thus, traditional medicinal 
practices, conserved over decades from old civilization, can serve as an of ective basis 
for the discovery and development of' modern therapeutic drugs. These are of 
considerable economic benefits in the development of indigenous medicines and in 
the use of medicinal plants for the treatment of various diseases. In India, 65% of the 
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population in the rural area use Ayurveda and medicinal plants for healthcare needs 
(Anonymous, 1992). Plant- based traditional knowledge has become a recognized tool 
in search for new sources of drugs (Sharma and Majumdar, 2003). The World Health 
Organisation (WHO) estimated that 80% of the population of developing countries 
rely on traditional medicine mostly plant drugs, for their primary health care needs. 
Medicinal plants being natural, non-narcotic are comparatively safer than synthetic 
drugs. These are largely put to use in 3 different forms: curative, promotive and 
preventive. In India, there are over 1.5 million practitioners of traditional medicine 
system using medicinal plants for preventive, promotional and curative applications. 
Medicinal plants are being looked upon not only as a source of health care but also as 
a source of income. Today medicinal plants are important to global economy as 
approximately S5% of traditional medicine preparations involve the use of plants or 
plant extracts (Vieira and Skorupa, 1993). India is of course already an active 
participant in the global medicinal plants market having been for some time the 
world's largest supplier of raw materials. It is estimated that there are 7,800 medicinal 
drug-manufacturing units in India, which consumes 2,000 tones of herbs annually. In 
a report published by the World Bank, Lambert et at, (1997), pointed out that 
preserving and enhancing the plant knowledge and use was equivalent to rescuing a 
global heritage. Demand for medicinal plants is increasing both within developing and 
developed countries but 90% raw material is harvested from wild sources without 
applying scientific management, hence, many species are under threat of being 
extinct. In view of the innate Indian strengths, which include diverse eco-systems for 
growth of medicinal plants, technical/farming capacity and strong manufacturing 
sector, the medicinal plants sector can provide a page export opportunity after 
fulfilling domestic needs. 
Phytodiversity is increasingly threatened at ecosystems, species and genetic level due 
to several factors, as the emerging trends of climate change pose an even more serious 
threat to the conservation and sustainable use of plant diversity and may compromise 
gains made thus tar, if not urgently addressed. The degradation of ecosystem services 
often causes significant harm to human well-being and represents a loss of natural 
asset or wealth of a country. The assessment also noted a continual decline in the 
status of provisioning services of the environment, especially wild foods, timber, 
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cotton, wood-fuel, genetic resources, and medicine. Degradation of environment may 
affect not only the quantity but even the composition of active ingredients. This 
situation, under extreme conditions, is not unlikely to alter properties and hence the 
degree of effectiveness of the bioactive compounds. thus, the environmental 
destruction may have a far-reaching influence on the therapeutic potential of plants 
known for their medicinal utility. Many of them are diminishing and are in danger of 
extinction. Also a rise in global temperature will increase the extinction rate of plant 
species. 
Besides climatic changes, increasing reliance on the use of medicinal plants and 
worldwide buoyancy in the herbal sector engaged in production of herbal health care 
formulations (herbal-based cosmetic products and herbal nutritional supplements). 
The resurgence of public interest in plant-based medicines coupled with rapid 
expansion of pharmaceutical industries is leading to over exploitation that threatened 
many medicinal plant species and loss of genetic diversity. This is not surprising 
because over the years, an increasing number of plants have been red-listed as 
threatened species by IUCN in Uganda. For example, in 1997, UCN had a red-list of 
15 plants in Uganda (Walter and Gillett, 1998) which increased to 33 in 2002 
(parthtrends, 2003) and to 38 in 2008 (IUCN, 2009) and currently more than 8,000 
species are in danger (IUCN, 2010). There are numerous estimates of predicted 
extinction rates but the consensus view is that 15-20% of all plant species could 
become extinct by 2020. It is clear that the overall trend for plant diversity is 
declining. Challenging threats demand radical solutions. Therefore, there is a real 
need to develop current strategy for safe framework of plant diversity. 
The conservation (Fig. 1) of plant diversity remains a core element of plant 
conservation activities in all countries as a basis for the provision of new innovations 
and maintaining the diversity that supports sustainable livelihoods. However, 
conservation of phytodiversity (plant genetic resources) has been possible by either 
through in situ or ex situ or preferably by a combination of both. In situ conservation 
involves conservation of genetic resources in the natural habitats where they occur, 
whether as wild and uncultivated plant communities or crop cultivars in farmers' 
fields. 
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The major constraints with the in situ conservation of plant genetic resources include 
slow regeneration rates, over-exploitation, and destruction of their natural habitats. 
Therefore, advanced biotechnological techniques would be useful towards meeting 
the desired objectives. 
Biotechnology is the third wave, which focuses on the development of all life forms 
for human welfare. In true sense, biotechnology is the "application of scientific and 
engineering principles to the processing of materials by biological agents to provide 
goods and services, However, advances in biotechnology have generated new 
opportunities for genetic resource conservation and utilization for species which are 
critically endangered. Biotechnology receives the necessary scientific and technical 
information from a considerable number of disciplines. 
According to Cohen (2001). plant biotechnology is one such technology that has been 
regarded as part of the "sustainable productivity equation" in agriculture. Its present 
applications include conventional breeding, tissue culture and micropropagation, 
molecular breeding or marker-assisted selection, plant disease diagnostics, genetic 
engineering and production of genetically modified (GM) crops. and the "emirs" 
sciences (e.g.. genomics, proteomics, metabolomics, etc.). It is now beginning to 
becoming an integral feature of modem plant breeding research and practice in many 
developing countries. 
The biotechnology derived solutions for changing the agricultural and plant science 
are classified in three major areas: 
(1) Growth and development control (vegetative, generative and 
repro duction/propagation), 
(2) Protecting plants against the ever-increasing threats of abiotic and biotic 
stress, 
(3) Expanding the horizons by producing speciality foods, biochemicals and 
pharmaceuticals, 
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Fig 1. Biotechnology in plant conservation programme 
Biotechnological 
Biotechnological tools are important to select, multiply and conserve the critical 
genotypes of medicinal, ornamental, aromatic and other endangered plant species by 
adopting in vitro propagation techniques such as micropropagation, somaclonal 
variation and genetic transformation (Vasil and Thorpe, 1994). 
The plant biotechnology has opened new avenues which are more efficient in 
generating novel genetic variability and making selection procedure, more precise and 
reproducible. However, plant conservation would be easier and safer by applying the 
following biotechnological tasks: 
A. Molecular marker technology 
B. Molrcular diagnostic 
C. Tissue culture (in vitro technologies) 
D. Cryopreservation 
Biotechnology also offers an economically efficacious, environmentally durable and 
sustainable approach for control of insects and other plant pests. The prime example is 
insect-resistant crops that are obtained by gain-of-function expression of the bacterial 
Bt endotoxin gene in transgenic plants of cotton and maize. 
1.1. Current status of plant biotechnology in India 
Currently. in India food, security and health problems emerged as one of the most 
important issues in the national agricultural development framework. To win the 
present circumstances, Indian government has given high priority to plant 
biotechnology research in the hope of addressing the pressing challenges related to 
improving productivity, farmers' livelihoods, driving rural development, and meeting 
food security demands as well as improved medicinal content built into the genotype 
of plants. 
In India, the importance and potential of biotechnology came to be recognized in 
1980s during the setup of the National Biotechnology Board in1982. Since it became 
a full-fledged department in 1986 (Sharma. 2001). Today, there are about 50 public 
research units in India using tools of modern biotechnology for agriculture and 
especially designed techniques for cell and tissue culture. The htdian government 
allocates an estimated US$15 million annually for plant biotechnology research, while 
the private sector contributes about USSI0 million per anum (Huang et al., 2002). 
The Indian plant biotechnology research agenda is dominated by tissue culture and 
mieropropagation, exploitation of heterosis vigor, development of new hybrids and 
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planting material with desirable traits, and the genetic enhancement of important 
crops (Sharma. 2001). 
BT cotton is the first GM crop to be released for commercial cultivation. The 
government may also pitch for field trials of many GM crops. At present. about 11 
crops are resting for approval. Inspite of the food crops. the ministry of Health. Govt. 
of India has suggested a number of important medicinal plants used in indigenous 
system of medicine, for introducing into agriculture. Further. Tissue cultures. 
combined with improvement in genetic engineering techniques have opened up new 
ways for high-volume production of pharmaceuticals. nutraceuticals, and other 
beneficial substances. The modern pharmaceutical industry also requires a large 
quantity of authentic plants for manufacture of drugs. The galloping rate, at which this 
advancement is continuing, holds out great promise for a better future. 
The government has been providing competitive grants for biotechnology research. 
resulting in significant increase in high-quality research activities. Plant tissue culture 
and micropropagation techniques are well established at several laboratories, and 
large-scale commercial production of food and medicinal crops are in progress. 
1.2. Plant tissue culture 
Plant tissue culture, the gro~tth of plant cells outside an intact plant. is a technique 
essential in many areas of the modern plant sciences. Tissue culture is a name given to 
a set of techniques that allow the regeneration of cells, tissues and organs of plants. 
from segments of plant organs or tissues, using nutrient solutions in aseptic and 
controlled environment. This regeneration is based on the totipotency of plant cells, a 
concept proposed by 1-Iaberlandt (1902). The culture can be sustained as a mass of 
undifferentiated cells for an extended period of time or regenerated into whole plants. 
At present, plant tissue culture offers tremendous opportunity towards the desired 
objectives as to overcome the problem regarding conventional propagation. 
conservation, molecular biology and bioprocessing. Tissue culture industry has 
potential to grab a sizable chunk of the growing international market for production 
secondary metabolite from medicinal important. flowers and other plants and eai 
valuable foreign exchange. Like many other technologies, it has gone throug 
different stages of evolution: scientific curiosity, research tool. novel applications a 
mass exploitation. Initially, plant tissue culture was exploited as a research tool a 
focused on attempts to culture and study the development of small, isolated segments 
of plant tissues or isolated cells. The applications of this technique go well beyond the 
bounds of agriculture and horticulture and expended in environmental remediation 
and industrial processing. Advancements in commercialization of plant tissue culture 
and acceptance of tissue cultured plantlets by the commercial sector have led to 
continued exponential growth within the industry in terms of number of new units as 
well as number of plants produced by these units. Over the years, various tissue 
culture techniques were developed, micropropagation, meristern culture and somatic 
embryogenesis being the most used. 
1.3. In vitro approaches 
In vitro propagation is a standard technique in most of the important plants especially 
those having medicinal properties and holds tremendous potential for the production 
of high-quality plant-based medicines. Furthermore, this technique offer a safe mean 
to internationally exchange plant material. enable the establishment of extensive 
collections using minimum space, allow supply of valuable material for wild 
population recovery and facilitate molecular investigations and ecological studies 
(Tandon and Kumaria, 2005). 
Plant tissue culture. particularly micropropagation refers to the true-to-type 
propagation of selected genotypes. One of the substantial advantages of 
micropropagation over traditional clonal propagation is the potential of combining 
rapid large-scale propagation, the use of small amounts of original germplasm 
(particularly at the early breeding and/or transformation stage, when only a few plants 
are available), and the generation of pathogen-free propagules (Altman, 1999). 
Compared to the other spheres of in vitro technologies, clonal propagation has proved 
the greatest economical and market importance in industry including pharmaceutical 
industry whose needs for raw material from the medicinal plants is increasing 
constantly. It offers a faster alternative for production of raw material while on other 
side overcoming the problems arising from the limited natural resources. 
In general three modes of in vitro plant regeneration have been in practice, 
organogenesis (direct and indirect), embryogenesis and axillary proliferation. 
Micropropagation, using somatic embryos and shoot culture techniques assists many 
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plant improvement programmes and increasingly these methods are being used for the 
in vitro propagation and conservation of endangered medicinal plant species. More 
than 600 million micropropagated plants are produced globaly every year (Macs et 
al., 1998). Micropropagation is one of the few areas of plant tissue culture in which 
the techniques have been applied commercially. However. micropropagation has been 
achieved from organized tissues by multiplication of meristems and axillary buds as 
well as somatic embryogenesis in a large number of medicinal, ornamental and 
aromatic plants (Table 1). 
Being a more successful technique for commercial multiplication of a large number of 
diverse plant species, long-term benefits of this enterprise, still, lie in the production 
of clonally uniform plants. The concept of genetic uniformity among micropropagated 
plants derived through organized meristems (Ostry et aL, 1994) and somatic 
embryogenesis was exploded by several convincing reports of the incidence of 
somaclonal variation at morphological, cytological (chromosome number and 
structure), cytochemical (genome size), biochemical (proteins and isozymcs), and 
molecular (nuclear and organellar genomes) levels. 
Somaclmnal variation is not limited to any particular group of plants. On the other 
hand, they may represent a very serious problem for preserving genetic uniformity 
and stability, which is an important parameter of clonal progeny. Thus. to assess 
genetic stability, DNA based techniques have come up as a powerful and valuable 
tools, during in vitro culture procedure. A number of molecular markers such as 
restriction fragment length polymorphism (RFLP), random amplified polymorphic 
DNA (RAPD). inter-simple sequence repeat (ISSR), amplified fragment length 
polymorphism (AFLP) and microsatellites array have been used for molecular 
characterization of tissue culture derived plants (Jain. 2001, Martins et al., 2004). 
Among these markers. ISSR has been used most frequently, because of its 
reproducibility, simplicity and cost effectiveness (Liu at al., 2011). Usefulness of 
ISSR in detection of similarity and variation in micropropagatcd plants has been 
amply demonstrated in large array of plants including Chlorophytum arundinaceum 
(tattoo et al., 2006). Gentiana straminea (IIe et al. 2011). Andrographis paniculala 
(Dandin and Mutthy. 2012) and Chlorophyum borivilianum (Rizvi et al., 2012), 
etc. 
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Further. antioxidant defense system against the abiotic stress provided an opportunity 
to explore the possibilities to mass multiplication of related drug for commercial 
purpose. Plants cultivated in vitro experience significant stress when exposed to the 
extreme conditions of the culture medium (high levels of sucrose and nitrogen) and 
mieroenviromnent (low-intensity light, high humidity and limited gas exchange) 
resulting in dramatic morphological and physiological changes (Pospisilova et al., 
t999a. Hazarika, 2006, Preece, 2010). On transferred in greenhouse or field, these 
plantlets faced further stress as they are switched to higher intensity light and lower 
humidity. requiring rapid development of survival mechanisms based on 
environmentally- induced shifts in phenotype. Due to this sudden change. plants 
probably promote production of reactive oxygen species (ROS) and as a consequence 
oxidative stress. The extent of the damaging effects of ROS depends on the 
effectiveness of the antioxidative systems (Zlatev et al., 2006), which has the capacity 
to cope up these abiotic stresses. Several authors have reported proper antioxidant 
system against abiotic stress in different species to survive the in vitro raised plants in 
field condition including Gardenia jasmilnoides (Serret et al.. 2001) Withania 
sorrinifero (Fatima et al., 2011a) and Rauvolfia tetraphylla (Faisal and Anis, 2009). 
Furthermore, the understanding of physiological and biochemical responses that allow 
plants to acclimatize in new environments can better help to improve the performance 
and survival of micropropagated plants in field condition. 
1.4. Constraints with medicinal plant tissue culture units 	- 
Medicinal plants occupied an important position in the socio-cultural, spiritual and 
medicinal arena of rural people of India. Recently. considerable attention has been 
paid to utilize eco-friendly and bio-friendly plant based products for the prevention 
and cure of different human diseases (Dubey etal., 2004). The major challenges today 
for our country are to maintain important medicinal plant harvest and trade within 
sustainable levels using modem techniques. Tissue culture techniques has wide 
application to conserve the plant genetic resources, still having few limitations such 
as, high cost of production, choice of crops restricted to species with acceptable 
micropropagation protocols, reproducibility of protocols etc. Further, during in vitro 
condition, plantlets are grown under fixed and controlled environment in sterile 
formulated medium which require more efficient strategies to maintain these plantlets 
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under field condition. The uniformity and consistency in field performance of tissue-
cultured plants is important to build confidence of the farmers to integrate such plants 
in the production systems. In addition, the Indian units are mainly producing plants 
for export market under buy-back arrangements and are at a disadvantage when 
compared to direct entry in overseas outlets. In India a majority of small scale farmers 
formed a major constraint to full fill the orders to deliver plants in a defined time 
schedule for commercial unit. 
Table 1: In vitro regeneration of some medicinal plants 
S. No. Plants Explants used Response 	 References 
1.  Abuiilon indicu,n LS Multiple shoots 	Rout et al.. (2009) 
through callus 
2.  Acorns calamus Rhi Multiple shoots Ahmed e1 al., (2010) 
3.  Adhatoda Vasica A13 Multiple shoots Soni et al.. (2012) 
1 	4. Althaea officinalis LS Multiple shoots Naz and Anis (2012) 
5.   Andrographis 
paniculata 
LS and IN Somatic embryogenesis Martin (2004) 
6.  Capsicum anlu um NS Multiple shoots Ahmad e1 al.. (2006) 
7.  ! 	Cardiosperin uu 
halicacahunv 
NS Multiple shoots Jahan and Anis (2009) 
8.  Cenlella asialica AB Multiple shoots Tiwari cat al.. (2000) 
9.  Centella asialica LS Multiple shoots through 
callus 
Deshpande eat al.. 
(2010) 
10.  Cente!!a asiatica NS Multiple shoots Tiwari et al., (2013) 
11.  Cypripedium 
forrnosanum 
AB Multiple shoots Lee (2010) 
12.  Dracocephalum 
kotschri 
NS Multiple shoots Otroshv and Moradi 
(201 1) 
13. Echinacea 
ang us1 ! folia 
S Multiple shoots Kim el al., (2010) 
14. Gloriosa superba A and AB Multiple shoots I lassan and Roy 
(2005) 
15. Gossypiuin hirsutum CN Multiple shoots Rauf et al., (2005) 
16. Gvntrra proclmihens NS Multiple shoots Keng et al., (2009) 
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17. hibiscus rose-sime,rsis 	NS 	 Multiple shoots 	Christensen et ul., 
 (2008) 
18. Kalanchoe 	 L and IN 	Multiple shoots 	; 	Sanikhani etal.. 
hlosselc/iu„u I 	(2006) 
19. Leptcalenia reliculuta NS Multiple shoots Arya el al., (2003) 
2U. 	,\Vc•tu»the.s arbor- 	AB Multiple shoots Jahan el u!., (201 Ia) 
iris/is 
21. Oc•imu», 	 NS Multiple shoots Saha el al., (20 10) 
kili,nandscharicu,n i 
22. Oroxr/unt indicu m 	AR and AM Multiple shoots Gokhale and I3ansal 
(2009) 
23. Orthosihhon 	 NS Multiple shoots Leng and Keng 
Sta►„ine us (2004) 
Multiple shoots Faisal et al., (2005) 24. Raurul/ia tetraplivila 	NS 
r25. 	I 	Rosa ln•brida 	 AB Multiple shoots Azadi el u!., (2007) 
26. Side curcli/o/ia 	 NS Multiple shoots Pattar and Jay araj 
(2012) 
27.  Vigna racliala 	CN and Hyp Multiple shoots through Amutha el al., (2006) 
direct or indirect 
1 28. 	['ilex ntgunclo NS Multiple shoots 	Ahmad and Anis 
i 	NS 
(2007) 
Multiple shoots 	I 	Ahmed and Anis 
f -_t 
29. iitex trifo/ia 
(2012) 
30. 11attukuku i•nluhi/is 	NS Multiple shoots 	Vinothkuunar et u!., 
(201 1) 
31. lVilhu,ria somniferu 	NS Multiple shoots Fatima and Anis 
(2011) 
32. Cot. E and I lyp 	I Multiple shoots through Jhankare et al.. (2011) 
callus and somatic 
embryogenesis 
Key words A = Apical Bud: AB = Axillary Bud; AM = Apical meristem: CN = 
Cotvledonary node: Cot = Cotyledon: E = Fmbryo: Hyp = Hypocotyl: IN = Internodal: LS = 
Leaf Segment: NS = Nodal Segment; Rhi = Rhizome; S = Stem 
13 
1.5. Recommendations 
The only way to win the above limitation is to set up modest, commercially viable 
units. Development of cost effective protocol which would be beneficial for largo 
scale production for commercial units. The units should carefully select plant material 
taking into consideration availability of stocks, reproducibility of protocol with rapid 
multiplication rates, demand in domestic and international markets, as well as build 
good market reputation by delivering quality products on time. The micropropagation 
industry should be particularly well suited for a country like India as it is environment 
friendly and labour-intensive. It can solve our unemployment problem to a reasonable 
extent, only if implemented under the auspices of regulatory frameworks that have the 
public's trust and confidence. Proper management of operations by selecting 
alternatives for costly inputs and thrust on developing indigenous varieties with 
enhanced traits would definitely improve the sustainability of the tissue culture units. 
Techniques that have the potential to further increase the efficiency of 
micropropagation, but still await further improvements, include simplified large-scale 
bioreactors, cheaper automatization facilities, efficient somatic embryogenesis and 
synthetic seed production, greater utilization of the autotrophic growth potential of 
cultures, with good repeatability and quality assurance of the micropropagated plants. 
In this way, continuation and intensification efforts in this particular field would lead 
to controllable and successful biotechnological production of specific. valuable 
products which break the serious challenge of feeding and poor health for rapidly 
growing world population in the next millennium 
Core study 
In the present investigation, an important medicinal plant Alihaea officinalis L. has 
been selected with a view to propagate through in vibro techniques for increased 
biomass production and its reintroduction as well as conservation purposes. 
1.6. Taxonomy 
The genus belongs to Malvaceac, also known as mallow family. The generic name, 
Aithaca, is derived from the Creek word, altho (to cure), due to its healing properties. 
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1'he plant was called "the official healer." Althaea is a genus of 6-12 species of 
perennial herbs. 
1.6.1. Scientific classification 
Kingdom 	 : 	 Plantae 
Division 	 : 	 Magnoliophyta 
Class 	 : 	 Magnoliopsida 
Order 	 : 	 Malvales 
Family 	 : 	 Malvaccae 
Genus 	 : 	 Althaea 
Species 	 : 	 o/Jicinalis 
1.6.2. Binomial name: 	Althaea off cinulis L. 
1.6.3. Common names: (English)- Marshmallow, Altheae radix: (ilindi)- Khatmi: 
(Arabic)- Bazrul Khatmi. (Julkhairo 
1.6.4. habitat 
Ilerhaceous Alihaea offichudi. indigenous to the temperate and subtropical region of 
Asia and Europe. It is found in northeastern region of North America. In India. it is 
found in the Himalayan region from Kashmir to Punjab (Anonymous, 2003).. A. 
of/icinalis has been successfully introduced into Manali at an altitude of 2,000 nm 
above sea level. In Uttar Pradesh it has been introduced through seeds obtained from 
USSR (Union of Soviet Socialist republic) (Anon. mous. 2003). The physical 
properties of the soil appear to be important factor in its cultivation. However, it 
tolerates a wide variety of soil types, from sand to clay. Sandy soil is relatively more 
important than in clay soil (Anonymous. 2003). It prefers marshy fields and loose 
Carden soil of moderate lertility (Anonymous, 2003) and cultivated in India for 
medicinal uses. 
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1.6.5. Morphological description 
A perennial plant grows to 4 - 5 fact in height. Stem is to erect and leaves are 
roundish, ovate-cordate, irregularly toothed, and velvety. The secondary leaves are 
narrow (Anonymous, 2003). The lower leaves are 3-7-lobed; the upper cauline leaves 
are often triangular, more wide than long. The reddish-white flowers are usually in 
axillary or terminal clusters, heart-shaped petals and sepals are five in number, many 
stamens fused with each other to anthers in a column with numerous styles (Ross, 
2001). The plant blooms from July to September. Fruit is disc-like and open up into 
the mericarps. Compressed dark brown kidney-shaped seeds are glabrous and the 
plant resembles hollyhock (A Ithaca rosea) but the flowers are smaller than the other 
Mallow. The roots are thick, long, tapering and pliant, whitish yellow outside, filled 
with mucilage (Anonymous, 2003).  
1.6.6. Active constituents 
A perusal of literature revealed that A. ojfcinali.c is rich in mucilage, composed of 
galacturonic acid, galactose, glucose, xylose and rhamnose (Anonymous, 2003). The 
presence of a mucous polysaccharide "althaea mucilage 0' is also reported 
(Anonymous_, 2003). Aspargine, althein, flavonoids (qucreetin, kaaempferol), flavonol 
glycosides, pectin, phenolic acid, coumarins are its active constituents, isolated from 
its roots and leaves (Gudej, 1991, Blumenthal et al., 2000). Alpha- tocopherol is 
responsible for its strong antioxidant activity (Kardosova and Machova, 2006). 
Also a number of other chemical compound including tiliroside. diosetin-8-hydroxy-
8-o-(i-D-glucoside (Gudej. 1991), scopoletin, quereetin, kaemprferol. chlorogenic acid, 
caffeic acid and p-coumaric acid have been isolated from its dried roots (Mhaskar el 
al., 2000). Zoobi and Mohd, 2011, recently isolated two new phenolic compound and 
one new acid ester characterized as 3,4-dihydroxy benzyl octadecane, 24 (3, 28 (i- 
dihydwxy octa tetracont-36-en-1-oic-acid and 	13[-dihydroxynonaeosaryl 
godoleate respectively. 
1.6.7. Medicinal properties and uses 
A. nfjIcinahs has a very long medicinal history that dates back to ancient Egyptians. 
Hypocrites used it as a wound healer. Literature revealed that entire plant is 
medicinally significant. Marshmallow contains mucilage polysaccharides which are 
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effective stimulators for treatment of irritated mucous membranes (Deters el al., 
2010). Mucilage can inhibit mucociliary transport, stimulate phagocytosis. suppress 
cough and have hypoglycemic activity. Mucilage may also have antimicrobial. 
spasmolytic. antisecretory. diuretic, and wound-healing effects. 
The roots, constitutes the drug ALTHEA. which is official in several foreign 
pharmacopoeia (Anonymous. 2003). The root is useful in inflammation and irritation 
of the alimentary canal, urinary and respiratory organs coupled with counteract excess 
of' stomach acid, prescribed to treat peptic ulcer, gastritis, kidney stone and intestinal 
problems including ileitis. colitis, diverticulitis and irritable bowel syndrome 
(Anonymous. 2003). An ointment prepared from the roots is applied to cure 
inflammatory tumors, burns, boils and abscesses. Also root decoction is utilized as 
mouth wash to relieve inflammation (Prajapati eat al., 2003). bruises, sprain as an 
expectorant in irritating cough. hoarseness of' voice. bronchitis (Anonymous. 2003). 
Boiled leaves and roots give abundance of milk to nursing mothers. 
The flowers and leaves are generally used to cure common cold and also consumed in 
case of lipemia. inflammation of nasal and oral cavities (Sutovska et al., 2009. Ilage-
Sleiman et al.. 2011). The seeds are demulcent, diuretic and febrifuge (Mhaskar et 
al.. 2000). The decoction of the seed in milk or wine helps pleurisy and other diseases 
of the chest and lungs. It stimulates the production of white blood cells and enhances 
the immune systems. 
1.6.8. Pharmacological activities 
This valuable herb possesses antibacterial (Naovi et al.. 1991). anticomplement 
(Yamada et al.. 1985). antifungal (Naovi et al.. 1991). anti-inflammatory (Mascolo et 
al., 1987), antimycobacterial (Gottshall et al.. 1949), antitussive (Nosal'ova et al.. 
1992) and antiviral activities (May and Willuhn. 1985) in various plant extracts. 
1.6.9. Other uses 
The flowers and young leaves are used as famine foods in France: are often added to 
salads or vegetables. Greeks and Armenians used this herb as a palatable dish: they 
eat boiled and fried leaves with onions and butter. The dried root is used as a 
toothbrush or is chewed by teething children. It has a mechanical affect on the gums 
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whilst also helping to ease the pain. Flowers are used for making tea. Further, it also 
provides cosmetics products, helping to soften the skin. It also contains large amounts 
of vitamin A. calcium, zinc and significant amounts of iron, sodium, iodine and B-
complex vitamins (Anonymous, 2003). A fibre from the stem and roots is used for 
manufacturing papers and bags (Anonymous, 2003). Natural gum obtained from the 
root is used as a glue and seed oil has been used in making paints and varnishes. 
1.6.10. Conventional propagation methods and its limitations 
Conventionally, it is propagated through seeds and rootstocks (Anonymous. 2003). 
These methods are not very successful being season-dependent, space requiring and 
cumbersome in nature. Also seeds are not very efficient in producing sufficient 
number of planting stock due to its use as food plant by the larvae of some 
Lepidoptera species and death of seedling in natural condition. Because of large-scale 
and unrestricted exploitation to meet its ever increasing demand by pharmaceutical 
industries coupled with limited cultivation and insufficient attempts for 
replenishment, the wild stock of this medicinally important plant species has been 
depleting. Moreover, the genetic diversity of the species is near extinction as reported 
by Abramova et al., 2013. Many reports (reports of 2013 meeting of somerset Rare 
Plant Group, Rare. Endangered and Vulnerable Plants of the Republic of Georgia and 
Flora of the Burren and SE Connemara) also support the present status of this 
valuable resource. 
Strategies to regenerate plants through tissue culture of different plant species of 
Malvaceae have been developed during the past few years (Gunay and Rao. 1978. 
Mangat and Roy. 1986, Zapata et al.. 1999. Ouma ei al.. 2004. Ozyigit et al.. 2007. 
Ruan et al., 2009, Raoul et al., 2010). Although most of tissue culture work in 
Malvaceae is on cotton because of its economic importance (Kavi Kishor and Mehta. 
1982. Morozora and Sinevich, 1983. Lev et gal., 1985. Rauf et al.. 2005, Ozyigit. 
2009. Pushpa and Raveendran. 2010). Some other species like Sicla coodhff/ia 
(Sivanesan and Jeong. 2007. Pattar and Jayaraj. 2012). Sida .cV)inosa (Jayasri. 2011). 
.-fhutilon inclicum (Nataraja and Patil. 1980, Rout et al.. 2009). 1 alva (Dexiang el al.. 
1986). Hibiscus (Mizukami cat al.. 1988. Yutako et al.. 1989) and Alihuea rosea 
(Mushtaq et al.. 1994. Munir et al.. 2012) has also being exploited through tissue 
culture techniques. So far. there are no reports on an efficient culture system for 
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regeneration in present species. Therefore. there is an urgent need for the development 
of an efficient plant regeneration protocol for rapid multiplication of planting stock 
material for future use. 
1.6.11. Research Objectives: 
Objectives of the present experimental work are as follows (Fig. 2) 
1. To establish and proliferate axenic cultures from in vitro raised juvenile and 
mature explants. 
2. To formulate culture conditions for regeneration. multiplication and 
regenerant differentiation in somatic tissues. 
3. To standardize the protocol Ii r callus induction and shoots regeneration using 
different plant growth regulators. 
4. Induction of somatic emhrvogenesis and plantlet formation and its 
confirmation using histological and scanning electron microscopical (SEM) 
studies. 
5. To standardize the technique for rooting (in vitro or ex vitro) in regenerated 
microshoots. 
6. Optimization of a suitable hardening and field acclimatization procedure for 
transfer and maintenance of in vitro regenerated plantlets in field conditions. 
7. To optimize the technique of synthetic seeds production and their conversion 
potential into plantlets. 
8. To stud,,- the effects of different light intensities on the physiological and 
biochemical parameters of regenerated plantlets during acclimatization. 
9. To assess the clonal fidelity of nodal and somatic embryo derived plantlets 
using RAPID/ ISSR markers. 
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Chapter 2: REVIEW OF LITERATURE 
Biotechnology is a technique that involve the use of living organisms like bacteria. 
yeast, plant cells etc or their parts or products as tools (for example, genes and 
enzymes). They are used in a number of fields: food processing, agriculture. 
pharmaceutics. plant tissue culture and medicine. Among others. plant tissue culture 
can be defined as culture of plant seeds, organs. explants, tissues, cells, or protoplasts 
on nutrient media under sterile conditions. Plant tissue culture is an important tool in 
both basic and applied studies as well as in commercial applications. 
The early phase in tracing the evolutionary history of the cell and tissue culture 
technique is rather difficult. because all attempts in obtaining continuous culture of 
tissues and cells ended in failure. This occurred, perhaps little knowledge about 
nutritional and role of hormones in cell/tissue differentiation. Actually, the milestone 
in the science of plant tissue culture techniques was achieved from the concepts of 
cellular totipotency (which is the ability of a single cell to divide and produce a whole 
plant). The concept of totipotency is inherent in the cell theory of Schleiden (I 838) and 
Schwwann (1839), which recognized cell as the primary unit -elementary part- of all 
living organisms. This idea was tested by several researchers but Votching (1 878) 
suggested the presence of polarity as a key feature that guide the development of' plant 
fragments. However, no successful attempts were made until the beginning of the 20 t`' 
centur' . 
In 1902. a German Botanist (Iottlieh Ilaherlandt was the first to try to obtain 
experimental evidence of totipotency by culturing single cells of Lamium purpureum 
and Eichornia era.c.sippes on Knop's salt solution with sucrose and observed obvious 
growth in palisade cells. Unfortunately, he failed in his experiments but predicted that 
"one could successfully cultivate artificial embryos from vegetative cells". Because of 
this endeavour. I-laherlandt is regarded as the father of plant tissue culture. From 1902 
to 1930 attempts were made for organ culture. In 1921. Molliard demonstrated limited 
success with the cultivation of plant embryos and subsequently Kotte (1922). a student 
of' l laherlandt in Germany and independently Robbins (1922) was successful to 
achieve the goal of establishment of excised plant root tips in vitro. White (1934) has 
established successfully indefinite culture of tomato root tips using explants with 
meristematic cells. Soon after. Gautheret (1939) and Noubecourt (1 939) reported the 
successful growth of plant callus tissue cultures. At the University of Wisconsin. 
Skoog and co-workers found out the role of cytokinins in tissue culture. Skoog and 
Miller (1957) advanced the hypothesis of organogenesis in cultured callus by varying 
the ratio of auxin and cytokinin in the growth medium and rightly considered as an 
important milestone in understanding plant morphogenesis. micro propagation and 
regeneration of plants from cultured tissues. In addition. Reinert (1958. 1959) and 
Steward et al.. (19 8) were able to full till the dream of' Flaberlandt for the cultivation 
of somatic embryos in carrot tissue. 
In early 1960s. the most significant break through in the field of plant tissue culture 
was the development of a defined culture medium which originally devised for the 
rapid growth and bioassay with tobacco callus (Murashige and Skoog. 1962). 'l'his 
medium contains almost all desired salt composition which is 25 times higher than 
that of' Knop's solution. In particular. it contain very high level of inorganic 
constituents, chelated iron and a mixture of' four vitamins and mvo-inositol which 
were more suitable during the life of culture. Even today. this is recognized as the 
most effective and commonly used medium in plant tissue culture. During this period, 
phenomenon of totipotency was fully developed by demonstrating that a single cell 
can divide and regenerate a whole plant (Vasil and Ililderhrandt. 1965). Isolation of 
protoplast using cell wall degrading enzyme by Prof: Edward C. Cocking in 1960 
gave the potential wave in the science of plant tissue culture. Later. Maheshwari and 
his co-worker became actively engaged in in t'iiro techniques in 1960s and achieved 
landmark raising haploid through anther culture of Dulura innoxia (Guha and 
Maheshwari. 1964. 1966). "Thorpe (1980) reported de novo organogenesis by 
interacting auxin and cytokinins in the medium. Explants such as cotyledons, 
hypocotyls. callus (Thorpe, 1980) and thin (superficial) cell layers have been used in 
traditional morphogenetic studies as well as to produce de nova) organs and plantlets 
in many plant species (Murashige. 1974. 1979). 
2.1. Micropropagation 
Tissue culture may be defined as the aseptic culture of cells. tissues, organs or whole 
plants under controlled nutritional and environmental conditions ('Thorpe. 2007). 
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Tissue culture can begin once a genotype is selected on the basis of having identified 
problem to he solved and the appropriate type of protocol to deal with it. 
Micropropagalion is an alternative method of vegetative plant propagation and 
produces plants in a rapid way not only generating clonal planting stocks, but also 
effectively captures genetic variation while by passing long breeding cycles (Girl ci 
al., 2004). Further, micropropagation is a process that involves exposing plant tissue 
to a specific regime of nutrients and hormones under sterile or in artificial conditions 
outside the mother plant to produce many new plants. Each new plant is a clone of the 
original mother plant. This process is done over a very short period of time and 
typically facilitated via use of a liquid, semi-solid or solid growth medium such as 
broth or agar. Micropropagated plants are characterized by disease free growth, a 
more fibrous, healthier root system, a bushier branching habit and a higher survival 
rate. 
Micropropagation is usually described as having four distinct stages (stage Ito IV), 
subsequently Debergh and Maene (1981) include an additional stage (stage 0): 
Stage 0: Care and preparation of stock plant, 
Stage 1: Establishment of axenic cultures, where the explants is induced to grow, 
Stage IL Proliferation and multiplication of shoots from the established explains, 
Stage III: Rooting of in vitro regenerated shoots, 
Stage IV: Acclimatization of rooted shoots.  
Although it is not necessary to follow each step in sequence. is essential to identify 
stages so optimum conditions for each stage can be established. The in vitro growth 
and development of a plant is determined by a number of complex factors: 
1. The genetic makeup of the plant, 
2. Nutrients; water, macro and microelements, and sugars, 
3. Physical growth factors; light, temperature, pH, 02 and CO2 
concentrations, 
4. Some organic substances: regulators, vitamins etc. 
The development of technologies for plant regeneration has progressed along several 
avenues. Plant tissue culture or in vitro propagation has many advantages over 
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conventional methods of vegetative propagation, which suffers from several 
limitations. Micropropagation technique can improve both agronomic and medicinal 
traits and holds tremendous potential for the production of high-quality plant based 
medicines. Plant tissue culture of many medicinal plants has been reviewed by many 
workers Murashige (1974), Hussey (1980), Ammirato (1983), Hu and Wang (1983), 
Rhagyalakshmi and Singh (1988), Short and Roberts (1991), Rout etal.. (2000a) and 
Akin-Idowu et al.. (2009), Anis et ad.. (2012 a, 2012 b) using micropropagation 
successfully. Plant tissue culture gained an unbeatable recognition to increase the 
knowledge in many areas including differentiation, cell division, cell nutrition and 
cell preservation. The research needs are based on the elements of scientific progress 
and development of new techniques, which either enables more critical experiment to 
be undertaken, or rendering easy accessibility to complicated problems through 
experimental studies. Although tissue culture protocols have been developed for a 
wide range of medicinal plants, which includes endangered, rare and threatened plant 
species all around the globe, out of which review of some important medicinal plants 
has been discussed in current chapter. 
2.2. Various approaches of micropropagation 
The methods that are available for propagation of plants of vitro are described in the 
following sections of the chapter. Tissue culture techniques for plant 
micropropagation, genetic transformation, biotech assisted selection, mutagenesis, etc, 
rest on three fundamental morphogenesis processes: organogenesis, axillary buds 
proliferation and somatic embryogcnesis. 
2.2.1. The propagation of plants from axillary buds or shoots 
The ability to generate plants directly from cxplants is fundamental to clonal 
multiplication of elite germplasm via micropropagation (Ignacimuthu, 1997). In 
recent years, tissue culture has emerged as a promising technique to obtain genetically 
pure elite populations under in vitro conditions rather than have indifferent 
populations. 
Axillary bud proliferation in vitro is usually considered a convenient route for 
micropropagalion. Axillary bud culture via shoot tip and nodal culture has been 
exploited at a much wider scale due to its applicability for rapid clonal multiplication, 
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virus elimination and gennplasm preservation of both vegetative and seed propagated 
plants. Nodal meristems are an important tissue source for micropropagation and 
plants raised from these are comparatively more resistant to genetic variation (Pierik, 
1991). Currently, node culture is of value for propagating species that produce 
elongated shoots in culture, especially if stimulation of lateral bud break is difficult to 
bring about with available cytokinins. 
in vitro clonal propagation of plants was started as a result of significant observations 
made by Morel (1960) during the culture of virus free orchid, Cyinhidium. 
Consequently, clonal propagation played an important role in the development of a 
worldwide industry that produces more than 250 million plants per year (Kane, 2000). 
At the peak of the plant tissue culture era in the 1980s, in a relatively short time, many 
commercial laboratories were estabtished around the world to capitalize on the 
potential of micropropagation for mass production of clonal plants for the 
pharmacutical industries. Clonal propagation of various medicinal plants has been 
described by many authors using different explants (Table 2). Usually to induce shoot 
formation, high ratio of cytokinins were used in culture medium. These shoots can 
then be rooted relatively simply by using different amount of auxin. Significant 
achievinents in micropropagation of many plant species including medicinal plants 
have been described by many workers during the last two decades (Tripathi and 
I ripathi, 2003, Zhou and Wu. 2006. Anis at al.. 2012 a, b). 
2.2.2. Organogenesis 
Organogenesis is the formation of plant organs from a determined tissue in order to 
form complete plants, characterized by being polar, which means that only one aerial 
organ or root is emitted and from this a new complete plant is regenerated. 
Organogenesis relies on the production of organs, either directly from an explant or 
from a callus culture. Organogenesis based on the inherent plasticity of plant tissues, 
is regulated by altering the components of the medium. In particular, it is the auxin to 
cytokinin ratio of the medium that determines which developmental pathway, the 
regenerating tissue will take. 
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* Direct organogenesis 
Direct organogenesis relies on the formation of shoots through adventitious buds 
without an intervening callus phase. The term adventitious is defined as "development 
of organs such as buds, leaves, roots, shoots from unusual points of origin" In 
Chelidonium majus (Ono and Uehara, 1982) adventitious bud induce from petal 
explants on Kn and IAA containing medium. In certain species, adventitious shoots 
which arise directly from the tissues of the explants (and not within previously-
formed callus) can provide a reliable method for micropropagation. Regeneration via 
adventitious shoots has been reported in many plants (Table 3) 
* Indirect plant regeneration 
The induction of callus, which is a cluster of undifferentiated cells, begins with a 
small section of plant tissue or explant that is manipulated using plant growth 
regulators to induce the production of calli. Usually, an equal ratio of auxins and 
cytokinins will give the desired effect, but each species requires its own specific 
combination of concentrations. I-lenri-Louis Duhamel du Monceau investigated 
wound-healing responses in elm trees, and was the first to report formation of callus 
tissue on live plants (Razdan, 2003). In 1908, Simon was able to induce callus from 
poplar stems that also produced roots and buds. The first reports of callus induction in 
vitro came from three independent researchers (Gautheret. Nobecourt and White) in 
1939. Gautheret and Nobecourt were able to maintain callus cultures of carrot using 
auxin hormone additions. In addition Muir (1954) reported that callus fragments of 
Tagetes erecta and ,Vicotiana tahacum are transferred to liquid culture and agitated on 
shaker, fragments break up to give cell and cell agrigates. 
Differentiation of plants from callus culture has often been suggested as a potential 
method for rapid propagation and extremely important in plant transformation. 
Various reports on plant regeneration via callus culture using different explants (leaf 
cotyledon, hypocotyls and root) are available (Table 4). Faisal and Anis (2003) 
reported plant regeneration through callus culture from leaf' explants in Tylnhhora 
indica. Successful regeneration from callus using leaf explants were observed in 
Centella asiatica (Deshhpande el al., 2010, Bibi el al., 2011). A study by Mushtaq el 
al., (1994) revealed that green color, nodular callus were observed in Althaea rosea in 
nodal explants. further no differentiation of shoot and root was observed. Munir cat al.. 
25 
(2012) also reported similar results in :lhhaea rosea using cotyledonary explants. Naz 
and Anis (2012) could induce proliferating callus from the central vein of leaf 
explants in .-l/thaea o»icinalis followed by sufficient number of shoots. Several 
studies focused only on the induction of callus tissue and to optimize callus growth. 
For example. Tang et al.. (1997) found that the callus induction rate of leaves from a 
coarse-bark cultivar is significantly higher than the rate from a smooth-bark cultivar. 
Also. the callus induction rate of explants taken from 10-15 day old leaves was 
significantly greater than that of' 20 to 25 day old leaves, while leaves older than 30 
days did not produce callus. 
2.2.3. Somatic embry-ogenesis 
Somatic embrvogenesis relies on plant regeneration through a process analogous to 
zygotic embryo germination. Somatic embryogenesis is the production of embryos 
from somatic plant cells (any non-sexual cell) to obtain a complete plant. Unlike 
organogenesis. somatic embrvogenesis is a bipolar process. It can also be direct or 
indirect. Somatic emhrvogenesis consists of' four Fundamental stages: A) Callus 
induction; B) Embryo formation and proliferation: C) maturation: and D) 
germination. Al the same time, the embryos passed through four stages in their 
development, the globular, the heart. the torpedo and the cotyledonary forms 
(Ammirato. 1983). "l'his technique tends to a true means of accelerated asexual 
propagation and the plants produced by these techniques respond similarly to any 
own-rooted plant (Akin-ldo%vu cat al., 2009). 
Table 2: Plant species being currently mieropropagated by axillary bud culture 
S.No. Plants name Explants 
used 
References 
1.  Andrographis nee.siana NS Karuppusamy and Kalimuthu 
(2010) 
2.  Andrographis paniculato 	NS Purkayastha et al., (2008) 
3.  Bathinia racenroscr 	CN Rajanna et al., (2011) 
4.  Bixa orellana ST. NS Sharon and D Souza (2000) 
5.  Capsicum annuum NS Ahmad et al.. (2006) 
6.  Cardiospermum halicacabuin NS Jahan and Anis (2009) 
7.  Centella asiatica NS Tiwari et al., (2013) 
8.  Chlorophytum brivilliens ST Sharan ei al., (2010) 
9.  Cotton and Kenaf 	SA Zapata et al., (1999) 
10.  Decalepis hamiltonii 	ST Giridhar et al., (2005) 
11.  Eclipta a/ ha 	 NS Gawde and Paratkar (2004) 
12.  Gloriosa superba 	A and AB Hassan and Roy (2005) 
13.  Gossypium hirsutum 	'. 	CN Rauf et al., (2005) 
14.  Ileliotropium crassavicum 	ST Satyavani et al., (2013) 
15.  Holostemrna ada-kodien 	NS Martin (2002) 
16. Kala shoe tomentosa ST Khan et al., (2006) 
17. Latht»ztc salivus CN Batik etal., (2004) 
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18.  Lepladenia reticulate NS Arya et al., (2003) 
19.  Ludwigia repens AM Ozturk et al., (2004) 
20.  Melulruca alternifolia AB de Oliveria et al., (2010) 
21.  Myrica esculents NS Bhatt and Dbar (2004) 
22.  Ochradenus baccatus C and SA Qurainy et al., (2013) 
Sahoo et al.. (1997), Siddique 
and Anis (2007 b and c, 2009) 
23.  Ocimurn basilicum NS 
24.  Oroxylum indicum .AB. AM Gokhale and Bansal (2009) 
25.  Psoaralea corjIifolia ST, NS Anis and Faisal (2005) 
26.  Rauvolfia serpentina NS Alatar et al., (2012) 
27.  Santolina canescen.s S. Caseado et al., (2002) 
28.  Stevia rehaudiana ST, NS Sivaram and Mukundan (2003) 
29.  
30.  
1ylophora inc//ca 
Wattakaka voluhilis J 
AB, NS 
NS 
Faisal et al., (2007) 
Vinothkumar et al., (2011) 
Abbreviations: AB = Axillary buds; tad = Apical meristem; C — Cotyledon; CN = 
Cotyledonary node; NS = Nodal segment; ST = Shool tip; S= shout SA = Shoot axis; 
ST= Stem; A= Apical buds 
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Table 3: lit vitro regeneration 'ia adventitious shoots in some medicinal plants 
S.No. Plants name 	Explants used References 
1. Aln is glutinosa Hyp, CN, Cot Bajji et al., (2013) 
2. Alovsia polvstachva L and IN Burdyn et al., (2006) 
3. Arte►nesia judaica IS Liti et al., (2003) 
4. Calendula officinalis Hyp, Cot and CN Cocu et al., (2004) 
5. Cichorium intvhus Hyp. L. CL All et al., (2013) 
6. Cleome .spinosa I-lyp, L Albarello cat al., (2006) 
7. Clitorea ternatea R Shahzad ei al., (2007) 
8. Eregeron brei'iscapus L Liu et al., (2008) 
9. Feronia lin►onia Hyp Vyas et al.. (2004) 
10. Filipendula ulmaria L. P and R Yildirim and Turker (2009) 
11. Kalanchoe hlossfeldiana L, IN Sanikhani ei al., (2006) 
12. Ocinnun hasilicum Hyp. L and CN Asghari cat al.. (2012) 
13. Phaseolus vulgaris E A Arias et al., (2010) 
14. Phragmites comnnn►is S Guo et al., (2004) 
15. Pinus pinea Cot Sul and Korban (2004) 
17.  Pleciranthus harhatus L Thangavel et al.. (201 1) 
18.  Poligonatum cyriorema Rhi, L, S Zhao et al., (2003) 
19.  Psoralea corylifolia Cot, Hyp and CN Sehrawat et al., (2013) 
20.  Rehmania glutlnosa L Park ei al.. (2009) 
21.  Rollina,nucosa Hyp. EP Pigueiredo cat al.. (2001) 
22.  Sanseveria cvlindrica LD Anis and Shahzad (2005) 
23.  Withania soninifera EP Udayakumar ei al.. (2013) 
24.  Zi:iphus jt juhe L Ma cat al., (2012) 
:~bbrCViations: Cot = Cotyledon: CL = Cotyledonary leaf; EA = Embrvonal axis; EI 
= Lpicotyl; IIvp = Hypocotyl: IN = Internode: IS = Intect seedling; L = Leaves: LD = 
Leaf disc; P = Petiole; R = Root: Rhi = Rhizome; S = Stem 
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Table 4: In vitro plant regeneration via callus culture 
S.Nu. Plants name Ex plants used References 	_ 
1.  Abutilon indicum L S Rout et al, (2009) 
2. Aerva lanala LS Prakasha et al., (2012) 
3.  Ahhaea rosea Cot Munir et al., (2012) 
4. Astragalus schizopterus LS and P Yorgancilar and Grisen (2011) 
5. Comp/Dihebco ucu,ntnota IS, P and Cot Zhanhai and Zhijun (2005) 
6. Carthospermunihalicacahum LS and NS Thomas and Maseena (2006) 
7.  Catalpa bungei 	 S. LS and Juan et al., (21)10) 
8.  Centella asiatt'ca ST and LS Palm etal., (1998) 
9.  Cimicifuga racemosa LS Lata et al., (2002) 
10.  Epiprennrrnn awe urn LS and P Qu et al, (2002) 
11.  Falcaria vulgaris LS Hamideh el al., (2012) 
12.  Hypericum per)oraturn LS Wojcik and Podstolski (2007) 
13.  Leucuena leucocephala Cot, Hyp and LS Maity et al, (2005) 
14.  Ocimam sanctum 	 NS Shahzad and Siddiqui (2000) 
15.  
16.  
Paederia joetada 	 NS Hassan et al., (2012) 
He ct al., (2006) Potttnbl!u pc/an/nit Cot, Ilyp 
17.  Rum graveolens S Faisal et al., (2006c) 
IS. Sidacordifolia NS Pattar and Jayaraj (2012) 
19.  Tecomella inrdulata IN Danya et al., (2012) 
20.  Tylophora indict, LS Faisal and Anis, (2003) 
21.  Tylophora indica S Faisal and Ants (2005) 
22.  Withaoia sormrifera 
Withunia nonmi era 
EP 
Hyp, R and CL 
I dayakumar et at., (2013) 
Rani el al., (2003) 23.  
Abbreviations: Cot = Cotyledon; CL = Cotyledonary leaf; EP= Epicotyl; 13yp 
Hypocotyl; IN = Intemode: LS — Leaf segment; NS = Nodal segment; P = Petiole; R 
= Root; S = Stem; ST = Shoot tip 
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2.3. Factors affecting in vitro shoot regeneration and growth of plants 
Several factors can influence the success of in vitro plant regeneration such as 
genotype, type of explants, plant growth regulators, carbon sources, type of media and 
in vitro conditions before and after the regeneration process. 
2.3.1. Explant type 
It is very important that an appropriate choice of explant be made prior to tissue 
culture. Any piece of the plant tissue can be used as an explant such as shoot apices. 
hypocotyls, epicotyls. mesocotyl. cotyledon, cotyledonary node, leaf and stem 
segments which have been known to possess the potential for shoot induction in 
aseptic culture (Bajaj and Gosal, 1981). Two sorts of plant material can be used for in 
vitro isolation, plants grown under controlled conditions in culture or growth room 
and those grown outside. An explant if isolated from a plant grown outside has much 
greater chance of infection than those isolated from aseptic condition (Gautheret. 
1959). The significant factors include differences in the stage of the cells in the cell 
cycle, the availability of or ability to transport endogenous growth regulators. and the 
metabolic capabilities of the cells. The most commonly used tissue explants are the 
meristematic ends of the plants, like the shoot tip, axillary bud and root tip. These 
tissues have high rates of cell division and either concentrate or produce required 
growth regulating substances including auxins and cytokinins (Akin- Idoww-u et al.. 
2009). Actively growing meristems have been used successfully by Elliot, 1970. 
Davies. 1980. Sivakumar and Krisluiamurthy 2004, Avani et al., 2006. Prakash and 
Staden. 2007. Another popular explant widely utilized for multiple shoot production 
is nodal explants with axillary bud of field grown medicinal plants including Centella 
asiatica (Tiwari et al.. 2000), Annona squamosa (Amin et al., 2002). Ilolosie» n ra 
ada-koclien (Martin. 2002). 111pericum perforaiu,n (Santerenr and Astarita. 2003). 
1.1orus alba (Anis ct al., 2003), Orihosiphon spiralis (Elangomathavan et al.. 2003). 
Gloriosa superba (Hassan and Roy. 2005). Psoralea curiU Mfa (Jeyakumar and 
Jayabalan, 2002a. Anis and Faisal, 2005). Raiivolfia leiraphy/la (Faisal el al.. 2005), 
:1lucuna pruriens (Faisal et al., 2006 a), Cassia angustifolia (Siddique and Anis. 2007 
a), Holarrhena antidysentrica (Mallikarjuna and Rajendurdu. 2007).Ocinrm 
hasilicum (Siddique and Anis. 2007 b and c. 2008). Gynura procumhe1L. (Keng ei al.. 
2009). Celastrus paniulatus (Sood and Chouhan. 2009). Cardin permum halicacabuin 
(Jahan and Anis. 2009). Oroxyhun indhcum (Gokhale and Bansal. 2009). Ocimu,n 
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kilinzandlschuricwn (Saha et al.. 2010). Solanunr nigrum (Sundari et al.. 2010). 
C'erol)egia attenuata (Chavan cat al.. 2011) and IVattakaka voluhili.c (Vinothkumar et 
al., 2011). 
Moreover. many studies have also shown using shoot apices in different range of 
medicinal plants. Multiplication of plants via shoot tips harboring apical meristem 
results in the development of genetically homogenous. health\- and vigorous plants 
free from viral and fungal infections. The method was successfully applied in 
Digitalis tl apsi (Herrera ct c►1.. 1990). Gossvpiiun meristetn (Saeed et al.. 1997). 
Saussurea lul►pa (Johanson et a/.. 1997). .4cacia catechu (Kaur and Kant. 2000). 
Lippia alha (Gupta et al.. 2001). Phvllanthus amarus ((Ihanti et al.. 2004). Basilictnn 
polvsiacht'on (Arnutha et al.. 2008) and C'hrvsani/winum inori/o/jum (Waseem el al.. 
2009). Other alternative to produce multiple shoots from the aseptic seedlings using 
cotyledonary node or aseptic nodal in various plant species has been developed 
including in various plant species. Lathtrus sativus (Barik et al., 2004). .%lacuna 
pruriens (Faisal ei a/.. 2006 a and b)..1rte,nesia vu/garis (Sujatha and Kumari, 2007). 
Cassia angusti/ulia (Siddique and Anis. 2007 a), Anclrographis puniculala 
(Purkavastha et al.. 2008). (ardiosperinum halicacabnz (Jahan and Anis. 2009) and 
Tuheraria major (Goncalves et al.. 2010). In vitro seeds derived propagules are 
favourable to grow contamination free cultures, as mainly associated with ex vitro 
derived explants also obviate the dependency on field material. Among diverse types 
of explants. such explants like hypocotvls. roots, cotyledons. leaf also could also 
influence the rate of shoot regeneration through callus culture in many medicinal plant 
species i.e. Sicla earth folia (Pattar and Jayaraj. 2012). Aerra Tanta (Prakasha et a/.. 
2012). Pa/curia vu/guns (1lamideh ei al., 2012) and Paederia . foetida (Hassan et cd., 
2012). 
Further somatic embryouenesis has been successfully observed by using a range of 
different explants including root explants of Psoralea eorvlitolia (Chand and 
Sahrawat. 2002). Cotyledons of Panax quinduefi,liu.s' (Zhou and Brown. 2006). 
Zygotic embryo of Pana.v japonicas (You et al., 2007). intermodal explant of 
Ura/lama .talagmni/cra (Sreelatha and Pullaiah. 2010) and Protocorms of Cvmhidium 
hico/or (MMlahendran and N'armatha Bai. 2012) etc. 
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2.3.2. Media type 
The composition of culture medium is an important factor affecting growth and 
motphogencsis of plant tissues. The choice of tissue culture medium largely depends 
upon the species to be cultured. A review of available literature revealed that different 
types of media are necessary to support the growth of different plant species. Some 
species are sensitive to high salts or have different requirements for PGRs. Some 
tissues show better response on solid medium while others prefer a liquid [medium. In 
meticulous, it is the nutrient and PDR's ratio of the medium that determines the 
developmental pathway which the regenerating tissues will take (Benson, 2000). 
Therefore, development of culture medium formulations is result of systematic trial 
and experimentation considering specific requirements of a particular culture system. 
White's (1943) medium is one of the earliest plant tissue culture media originally 
formulated for root culture. Murashige and Skoog (MS. 1962) medium is the most 
suitable and commonly used medium for plant regeneration from tissues and callus. 
This is a high salt medium due to its content of potassium and nitrogen salts. B5 
(Gamborg at al., 1968) medium works well for protoplast culture. It has lesser 
amounts of nitrate and particularly ammonium salts than MS medium. Nitseh's (1969) 
medium developed for anther culture contains salt concentration intermediate to MS 
and White. Among these formulated medium, MS medium was frequently applied in 
micropropagation of many medicinal plants such as Ceropegia candelabrum (Beena 
et al., 2003), Gloriosa superba (Hassan and Roy, 2005), Glycine max (Shan et al., 
2005), Rauvolfia terraphyila (Faisal et al.. 2005). Abutilon indicum (Rout e! al., 
2009), Sider cordifolia (Paltar and Jayaraj, 2012). In addition, Bhatt and Dhar (2004) 
established higher efficiency of Woody Plant Medium (WPM, Lloyd and Mc Cown, 
1980) over other types of medium like B5 and MS and their strength tried for shoot 
proliferation in Wyriea esculenta. They observed that neither MS nor B gave 
satisfactory response even when the salt concentration is reduced to hall' and shoot 
response was severely inhibited. In contrast, Nonimh at al., (1995) reported 
unsuitability of WPM medium for shoot multiplication on Mangosteen and found MS 
medium as the best composition for optimum multiplication. 
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2.3.3. Carbon sources 
Due to heterotrophic mode of regeneration system in tissue culture. continuous supply 
of exogenous carbohydrates is essential for proper growth and morphogenesis. The 
exogenous carbohydrates of the nutrient medium serve,as energy and carbon sources 
and also help in the maintenance of osmotic potential of cells and conservation of 
water (Hazarika, 2003). Moreover, exogenous supply of sugar increases starch and 
sucrose reserves in micropropagated plants and could favour ex-vi!ro acclimatization 
and speed up physiological adaptations (Pospisilova el al., 1999a). 
Different carbohydrate sources (sucrose. glucose. fructose etc.) support the culture 
growth but their requirement can vary from species to species. In general. sucrose is 
the carbohydrate of choice as a carbon source for in vitro plant culture, as it is the 
most common carbohydrates in the phloem sap of many plants (Murashige and Skoog 
1962. Fuents et al., 2000). 
Sucrose has been pro% ed to he better energy source for shoot growth in a number of 
plant species such as Ceruellu asiatica (Anwar et al.. 2005). Ocinuan gratissin um 
(Gopi et al.. 2006), Sida eorclifolia (Sivanesan and Jeong, 2007), Stevia rehaucliana 
(Preethi ei al.. 201 1) and Rauvolf a .ce► pentina (Faisal et al.. 2012). Generally, 2-5% 
sucrose is considered as most popular carbohydrate (Fuents et al., 2000). 
Other than sucrose, various carbon sources such as glucose. fructose. mannitol and 
sorbitol have been considered to effect on shoot growth. Stimulated axillary branching 
from the microshoots of Ma/us was observed on sorbital containing media with 
increased biomass production (Karhu. 1997). Baskaran and Jayabalan (2005) 
reported that 30 g/1 glucose was sufficient for better shoot formation in Eclipta alba. 
Further. galactose has been found to reduce or overcome hyperhydricity in shoot 
cultures (Druart. 1988). Dickinson (1996) used fructose as a carbon source for the 
culute of lilly pollen. 
2.3.4. p11 
Another important feature for in vitro plant regeneration is the hydrogen ion 
concentration of the medium, expressed by the pH value. The pH affects both the 
growth of plants and the activity of the plant growth regulators. Vacin and Went 
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(1949) investigated the effect on pH of each compound in plant medium. To judge the 
effect of medium p1I, it is essential to discriminate between the various sites where 
the pH might have an effect: (1) in the explant. (2) in the medium and (3) at the 
interface between explant and medium. pI-I affects nutrient uptake as well as 
enzymatic and hormonal activities in plants (Bhatia and Ashwath. 2005). In the 
absence of pH regulation, the ionization of acidic and basic groups causes 
considerable changes in structure that affect their function at the cellular level 
(Sakano, 1990). 
The pH range from 5.0 to 6.0 of the nutrient medium has been reported to be suitable 
for in vitro growth of explants because lower p11 (less than 4.5) and higher pH (more 
than 7) generally stop growth and development of plantlets (Pierik, 1997 ). A pH of 
5.8 is used for most plant tissue culture applications. The optimal pH level regulates 
the cytoplasmic activity with cell division and the growth of shoots (Brown et al., 
1979). The pH of tissue culture media decreases by uptake of NH4 and increases by 
uptake of NO (Schmitz and Lorz, 1990). A change of medium pH may have various 
effects that may influence performance and development of explants (George e1 al., 
2008). Kartha (1981) found that pH 5.6-5.8 supported the growth of most meristem 
tips in culture and that cassava meristems did not grow for a prolonged period on a 
medium adjusted to pH 4.8. According to Parliman et al., 1992, among the different 
range (3.5, 4.5, 5.5 and 6.5) of pH, 5.5 was optimum for shoot proliferation and 
elongation in Dionea muscipuia. Faisal et al., (2006 a, h) tested a wide range of pH 
levels for shoot induction and reported maximum multiplication rate at pH 5.8 in 
Mucuna pruriens. Similar findings were reported by Siddique and Anis (2007a) in 
Cassia angusrifolia and Cardiospermum halicacabum (Jahan and Anis, 2009) where 
optimum pH was 5.8 for maximum shoot induction and proliferation. The pH also 
influences the status of the solidifying agent in a medium: a pH higher than 6 
produces a very hard medium and a pH lower than 5 does not sufficiently solidify the 
medium (Bhatia and Ashwath, 2005). 
2.3.5. Plant growth regulators 
Substances classified as plant hormones are of organic nature, functioning as chemical 
messengers for intercellular communication at very low concentrations. In natural 
environment plants possess natural growth hormones and the synthetic compounds 
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which act like these natural plant hormones are called "Plant growth regulators" 
(Davies. 1995). Plant growth regulator is indispensable material in culture media but 
their selection. and the concentrations adopted. depends upon the plant species and 
purpose of culture. Particularly auxins and cytokinins are most important factors for 
regulating plant induction, organ differentiation and growth, in these sense. synthetic 
regulators have been discovered with a biological activity which equals or exceeds 
that of the equivalent growth substances. Growth and morphogenesis are regulated by 
the interaction and balance between the growth regulators supplied in the medium and 
the growth substances produced endogenously. Over the last few years, a multitude of 
models have been proposed to show how plant hormones interact to control plant 
development (Santner and Estelle, 2009. Jaillais and Chory, 2010). The influence of 
plant growth regulators and their interaction on micropropagation of different plant 
species have been discussed by Mor and Zieslin (1987). Rout el al., (1989. 2000a), 
Skirvin et al.. (1990) and Rout and Das (1997 a and b). 
There are several recognized classes of plant growth substance. Until relatively four 
major PGRs are used auxins, cytokinin. gibberellins, abscissic acid. 
2.3.5.1. Auxins 
Auxins are the first identified group of hormones, widely used in plant tissue culture. 
Generally, incorporation of auxin into nutrient media promote callus growth. cell 
suspension and regulate the pathway of morphogenesis particularly conjugation with 
cytokinins. At the cellular level. auxins control basic processes such as cell division 
and cell elongation. The most important naturally occurring auxin is IAA (indole-3-
acetic acid), but its use in plant cell culture media is restricted because it tends to be 
denatured in culture. I low ever, to alleviate the problems, man\- synthetic analogues of 
IAA are available, which are more stable and similar in biological properties 
(Jonsson. 1961). Commonly used synthetic auxins arc. 2.4-dichlorophenoxyacetic 
acid (2.4-D). u-naphthalene acetic acid (NAA) and indole-3- butyric acid (IBA). 
Generally. 2.4-D is used to induce and regulate somatic embryogenesis (Chai et al., 
2011). 
The balance of auxin to cytokinin determines morphogenic potential and addition of 
low levels oC' auxins along with cytokinin triggers the rate of shoot multiplication and 
elongation. A vital role of auxin has been established in different plant species for 
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examples Echinaceae angustifolia (Kim et al., 2010), Adlkatoda vasica (Soni et al.. 
2012), Ocimum hasilicum (Asghari et al., 2012), Rauvoifa serpentina (Alatar et al., 
2012) and Strepiocarpus rexii (North and TJdakidemi. 2012), Moreover, different 
range of auxins in callus development is well documented in a series of plants. High 
frequency of green, compact organogenic callus was observed from nodal explants 
and maximum numbers of shoots were developed on Murashige and Skoog (MS) 
medium supplemented with 0.5 mg/I Kinetin along with 0.5mg/I NAA (Pattar and 
Jayaraj, 2012) in Shia cordifolia. Prakasha et al., 2012 reported that 1.0 mg/1 2.4-D 
was optimum for callus induction and further subcultured on 2.0 mg/I BA produced 
multiple shoots in Aerva Tanta using leaf disc explants. Rani et al., 2003 reported that 
callus induction in Withania somnifera was observed from hypocotyl, root, and 
cotyledonary leaf segments, maximum callusing (100%) was obtained from root and 
cotyledonary leaf segments crown on MS medium supplemented with a combination 
of 2 mg/I (9.1 pM) 2,4- D and 0.2 mg/I (0.9 PM) Kn. Several studies focused only on 
the induction of callus tissue and how to optimize callus growth include Wang etal.. 
(1997), first induced callus using MS medium. The results showed that using the 
cytokinin 6-benzyladenine (BA) alone produced tight, green calli that could not be 
used in suspension culture, while using BA and 2,4-D together produced loose, light 
yellow callus that gradually became tight and brown. Using only 2,4-D resulted in 
loose calli suitable for suspension culture. 
2.3.5.2. Cytokinins  
Cytokinins are plant-specific chemical messengers (hormones) that play a central role 
in the regulation of the plant cell cycle and numerous developmental processes. 
Cvtokinins have proven to be the most important factor affecting organogcncsis 
(Howell et al., 2003) and other physiological activities (Heyl and Schmulling. 2003, 
Ferreira and Kicber, 2005. Van Staden et al., 2008) in tissue culture media. Cytokinin 
activities are distinguished by two distinct chemicals groups namely: purine base Ns  
substituted adenine derivatives i.e. 6-benzyladenine (BA), and phenyl urea 
derivatives, e.g. thidiazuran. 	 - 
In general; cytokinins are known to regulate axillary bud growth and apical 
dominance. The success of a culture is affected by the type and concentration of 
applied cytokinins because their uptake, transport, and metabolism differ between 
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varieties and they can interact with endogenous cytokinins of an explant (Van Staden 
et al.. 2008). The first cvtokinin discovered was an adenine (amino purine) derivative 
named kinetin (6-furfurylaminopurine). at present atleast more than 200 natural and 
synthetic cvtokinins have been identified (Matsubara. 1990). Among these. Zeatin. 6-
benzylaminopurine (BA). kinetin (Kn). 2-isopentenyladenine (2-iP) are some 
commonly used cvtokinins. Benjamin cat al., (1987) reported that BA at high 
concentration (1-5 ppm) stimulates the development of axillary meristems and shoot 
tips in .1troppa hellaclona. Purkayastha et al.. (2008) obtained maximum number of 
shoots at 10 pN1 BA alone in .lnclrogrup{ris particuluta. Preece and Mackowiak (1987) 
reported that low levels of BA (4.4 µM) was best for micropropagation of H. rosa-
.sinensis. Similarly. Nayak et al.. (2007) investigated the effect of BA at low 
concentrations on shoot proliferation in Aegle rnar tnelos and found optimal response 
in MS medium supplemented with 6.6 µM BA. Gokhale and Bansal (2009) obtained 
multiple shoots directly from apical and axillary buds of Oroxt•lum indicum in MS 
medium amended with 4.43 }iM BA. Likewise, the superiority of BA over other 
cytokinins on multiple shoot bud differentiation has been demonstrated in number of 
plant species including Cunila galioides (Fracaro and Echeverrigaray. 2001), 
Lathvrus .satirus (Barik cat al., 2004). Phy!luntlrs amarus (Ghanti ct al., 2004), 
liainhusu vu/guns (Ndiaye ct al., 2006).:1Iucuna pruricns (Faisal cat al., 2006 a and 
b). Rosa /nhr•ida (Azadi ct al.. 2007). Ruta graveolens (Bohidhar cat al., 2008). 
\Ioringa oleifera (Marfori, 2010) Chlorophyttrm hot•iviliuntcm (Sharan cat al., 2010) 
and Oc•imrun ki1imandschur-icaM (Saha et u!.. 2010). 
Like BA. Kinetin (Kn) or 6-furfurylaminopurine, is another very important cytokinin 
which has shown positive effect on shoot regeneration and multiplication in various 
medicinal and aromatic plant species. Pattnaik and Debata (1996) obtained highest 
shoot regeneration frequency in Hemidesmus indicus on NIS medium amended with 
kinetin. Similarly. Amo-Marco and Ibanez (1998) reported rapid shoot proliferation 
rate in a threatened statice. Lirnoniuin cuvanillesii on MS medium fortified with high 
concentration of Kn (2-5 mg/1). while. Borthakur et al.. (2000) used low 
concentrations of Kn (0.05 mg/1) for establishing an in vitro regenerative protocol of 
two traditional medicinal plants. Ecliptu alha and Eulnuorium udenophorcun via 
single step nodal cuttings method on full strength MS medium. In addition. 1-lesar el 
al.. 2011 reported multiple shoots containing roots on MS medium only with 
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supplementation of 0.5-2 mg/L kinetin in Maithiola incana. Rauf ct al.. 2005 reported 
maximum number of shoots (3.43 shoots/explant) in Goss.Wirnn hirsuttml when 
cultured on MS supplemented with 0.25 mg/l Kn. Similarly. Pushpa and Raveendran 
(2010) used Kn for best response in Gossypium hirsutum (cotton) shoot apex. 
Superiority of Kn over other growth regulators for direct in vitro shoot multiplication 
in various medicinal plants has been well documented by several workers including 
Jha and Jha (1989) in Cephalis ipecacuanha. I Ierrera et al.. (1990) in Digitalis thapsi. 
Paek and Murthy (2002) in Frili1Iaria thunbergii and Jang et al.. (2003) in venus fly 
trap. The successful application of this growth regulator for multiple shoot production 
in a number of medicinally important plant species, .41pinia galanga (Borthakur et al.. 
1999). F_urycoma longifolia (Hussein ei al.. 2005). Tinospoa•a cordi/olia (Gururaj ct 
al., 2007). Ricinus coininunis (Chaudhary and Sood. 2008) and Rauvolfia tetraplrylla 
(Harisaranraj ct al.. 2009). 
In addition, also 2-isopentenyladenine (2-iP) has been reported to be the best 
cytokinin for shoot multiplication in many plant species. Taha etal., (2001) reported 
that shoot bud proliferation ability of date palm shoot tips was strongly enhanced by 
low concentration of 2-iP (3mgdm"3). Similarly, Jaakola et al., (2001) obtained best 
results in I'accinium mvrtillus and V vitis-idaea utilizing higher levels of 2-iP (49.2 
pM and 24.6 µM) on a modified MS medium while lower concentrations (12.3 pM or 
24.6 pM) were recommended by Pereira (2006) for other species of Vaccinivar 
cylindraceum micropropagation on Zimmermann and Broome medium. Also. 2-iP 
was found best in Rhododendrons (Vejsadova, 2008). Singh and Gurung (2009) 
proved 2-iP as a most effective cytokinin than BA or Kn for multiple shoot induction 
in Rhododendron maddeni. In addition. Yew el al., 2010 reported that 2-iP was most 
responsive for shoot elongation in Hr,nenocallis littoralis. Further, in case of Althaea 
rosea. 2-iP was best for callus formation (Mushtaq et al.. 1994), but no differentiation 
could be obtained even after 6 months of incubation. 
T DL (.V-phenyl-N"-1,2,3-thidiazol-5-ylurea) is a substituted phenylurea compound 
which was originally registered as a cotton defoliant (Arndt ei al., 1976). and emerged 
as a highly efficacious bioregulant to induce organogenesis in a number of 
medicinally and ornamentally important plant species starting from herbaceous to 
recalcitrant woody plants (Iluetteman and Preece, 1993. Kanayand et al.. 1994. Faisal 
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et al.. 2005. Ahmad et al.. 2006. Siddique and Anis. 2007a and b, Hussain ei al., 
2008. Corredoira el al.. 2008. Jahan and Anis. 2009, Naz et al., 2012). Application of 
TDZ induces a diverse array of cultural responses ranging from induction of callus to 
formation of somatic embryos. TDZ exhibits the unique property of mimicking both 
auxin and cvtokinin effects on growth and differentiation of cultured explants. 
although structurally it is different from either auxins or purine-based cytokinins. 
An efficient nlicropropagation protocol for complete plantlets of Eiyngium,fbetidiun 
in addition to flower formation was observed on TDZ supplemented MS medium 
(Yaseen. 2002). Faisal et a/..(2005) studied the effect of thidiazuron on in vitro shoot 
proliferation of RauvolfIa tetraphiyha. Higher level of TDZ (5.0 p.M) was effective in 
Cassia angustifolia (Siddique and Anis. 2007 a). While. Ahmad et al.. (2006) 
investigated the effect of TDZ (0.1-10 µM) at varying levels on nodal explants of 
Capsicum ani1uum and found 1.0 EtM TDZ as a best concentration for maximum shoot 
multiplication rate. 
'I'DZ was classified as a type of cytokinin that induces responses which were similar 
to the responses induced by natural cytokinins. TDZ is stable and biologically active 
at low eonceIllration than other cytokinins (Genkov and Ivanova, 1995). TDZ 
promoted organogenesis comprises of a metabolic cataract including primary 
signaling events, storage, passage of endogenous plant signals and iron in plant cell, a 
system of secondary messengers and simultaneous stress responses which may or may 
not be established as organogenesis. Although TDZ is considered to have powerful 
potential for significant improvement in plant regeneration, yet continuos or more 
than critical exposure to TDZ results in stunted. fasciated, distorted and hyperhydric 
shoots. The fasciation of shoots on TDZ augmented medium was reported by Murch 
et al.. 2000. Khurana et al., 2005 and Husain et al., 2007. To avoid deleterious effects 
of TDZ. the clumps of shoots are transferred to growth regulator free MS basal 
medium or subculturing on other cytokinins to nullify the negative effects of 
thidiazuron. This technique was successfully applied by various workers i.e. 
Huetternan and Preece (1993). Kodja cat al., (1998). Urturk cat al.. (2004). Ahmad et 
al.. (2006). Siddique et al.. (2006). Raghu et al.. (2006). Jahan and Anis (2009). 
Makara cat al.. (2010) and Jahan et al.. (2011 b). Further. Parveen and Shahzad (2010) 
observed that TDZ exposure culture formed multiple shoots when transferred to MS 
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medium containing BA in Cassia sophera. According to Gadidasu et al., (201 1). TDL  
along with Kn were best for multiple shoot formation in Sire/this asper. In Arnehia 
euchroma. direct shoot regeneration was observed when higher concentration (20.0 
pM) TDZ exposed explants were transferred to lower concentration (5.0 MM) TDZ 
and multiple shoots were observed on MS medium containing 5.0 pM Kn (Malik et 
al., 2010). 
In addition, literature reveals that TDZ alone or in combination with auxins has 
successfully been used to induce callus formation in a number of plant species 
including Cimicifuga racemosa (Lata el c11.. 2002), :l.stragalus schi:opterus 
(Yorgancilar and Erisen. 2011), Astragalus cariensis (Erisen ct al.. 2011 
2.3.5.3. Synergetic effect of cytokinins and auxins 
Plant growth regulators are perhaps the most important components affecting shoot 
regeneration capacity of explants (Ozcan et al., 1996). In tissue culture studies, 
correct combinations of auxins and cytokinins have been tried to determine high 
frequency shoot regeneration for a explant (Yildiz et al.. 2011). Literature reveled, that 
determination of optimum levels of auxins and cytokinins in growth medium is not 
the only way of increasing shoot regeneration capacity, but also shoot regeneration 
frequency of explants could be increased in combination. The synergistic effect of 
auxin and cytokinin positively modifies the frequency of shoot regeneration 
parameters and has been found efficient on a range of medicinal plants viz.. Annona 
squanlosa (Amin et al.. 2002), _Worus alba (Anis et al., 2003). Alvrica esculenta 
(Bhatt and Dhar. 2004). Mucuna pruriens (Faisal et al., 2006 a and b) and Aegle 
nlarnlelos (Nayak et al.. 2007). BA in combination with NAA increases the shoot 
forming capacity in a number of plants, Psoralea corfi•li%lia (Anis and Faisal. 2005). 
in Mucuna pruriens (Faisal et al., 2006 a and b) whereas. BA-IAA combinations was 
effective in Ocinncm hasilicum (Sudhasankaran and Sivasankari. 2002). legle 
marnlelos (Nayak et al.. 2007) and Chr}-sanfhemnz enor1/o!ium (Waseem et al.. 
2009). BA along with IBA was reported to he an efficient combination in Jairojpha 
curcas (Shrivastava and Banerjee, 200$). 
Also shoot multiplication was achieved by Kn-NAA synergism and their triggering 
effect on shoot bud induction and multiplication has been established in Gossipilnn 
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men stem (Saeed el al., 1997). Gossypium hirsulum (Rauf et al.. 2004). Cordia 
verhenacea (Lameira and Pinto. 2006). .4lpinia n fcinarum (Selvakkumar et al.. 
2007) and Gardenia jasminoides (Duhokv and Rasheed. 2010). In addition. Thakur 
and Srivastava (2006) observed highly efficient plant regeneration in 1'opulus ciliata 
via leaf explants on MS medium supplemented with Kn-IAA combination while Kn-
1BA combination was found effective in foloslenuna acla-koclien (Martin, 2002) and 
:Irnehia euchroma (Manjkhola el al., 2005). 2-iP with IAA was reported to be 
suitable for propagation of Aletrosideros excels (lapichino and Airo. 2008). 
Likewise, the characterstics of callus were also greatly influenced by the auxin and 
cytokinin combination. Faisal cal al.. 2006c reported maximum callus induction 
frequency from stem callus of Ruta graveolens in combination of 2,4-I) and BA. 
Hamideh et al.. 2012 reported that 2,4-D along with BA was best for callus induction 
in Falcaria vulgeris. In case of Sida cordifolia (Pattar and Javaraj, 2012), Kn - NAA 
was most responsive for callus induction followed by shoot formation. Whereas. in 
:1lthacu of/icinalis, callus was induced in 2,4-D, followed by its transfer to a liquid 
medium (2.4-D ± AdS) for further shoot buds induction and regeneration (Naz and 
Anis. 2012). In addition, perusal of literature revealed that combination of auxin and 
cytokinins induced somatic embryogenesis in a number of plant species, for example 
Fraxinus angusutnlia (Tonon ei al., 2001). Jalrophu curcus (Jha et al., 2007) and 
Cymhidiunz hicolo • ( Mahendran and Narmatha Bai, 2012), etc. 
2.35.4. Gibberellins 
The group of gibbercllins includes more than 80 compounds. which stimulate cell 
division and elongation. The most commonly used one is gibberellic acid (GA3). GA3 
is known to break dormancy of several types of seeds at a critical concentration. It 
stimulates seed germination via synthesis of a- amylase and other hydrolases (Shepley 
el al.. 1972). Thus many reports are available where GA; was used to break dormancy 
and morphogenesis (Chaturvedi et al.. 2004 a, Shahzad et al.. 2007, Parveen et al.. 
2010. Balaraju cat al.. 2011). 
2.4. Subculturing 
Subculturing often becomes necessary to increase the multiplication potential during 
long term growth. Reason for transfer or subculture is that the growth of plant 
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material in a closed vessel eventually leads to the accumulation of toxic metabolites 
and exhaustion of the nutrient suppliments, or to its drying out. Thus, even to 
maintain the culture, all or part of it must be transferred onto fresh medium. 
Subculturing of the explants at regular intervals produced significant number of 
multiple shoots in a number of plant species. Bajaj et al.. (1988) obtained around 
2200 plantlets of Thymus vulgaris from a single shoot grown in vitro in 5 months 
(four passages). In case of Lathyrus sativus or grasspea. Barik et al., (2004) 
established shoot cultures via subculturing original cotyledonary nodes on fresh 
medium after each harvest of newly formed shoots. Similarly. I lussain et a/., (2008) 
established proliferating shoot cultures of C'rotolaria vcrrucossa by repeated 
subculturing the original explant after harvesting the newly formed shoots. They also 
reported that repeated subculturing was said to be one of the method to maintain 
juvenility. The shoot forming potential of original explant could be maintained even 
after five subcultures. Purkayastha et al.. (2008) studied the rapid production of 
multiple shoots by subculturing the mother explant twice on MS medium 
supplemented with 10 pM BA from nodal explants of Andrograhhis haniculata while 
Bohidhar etal.. (2008) observed an increase in the number of shoots with the increase 
in number of subculture passages (third passage) in Rata graveolens. Likewise, 
increase in multiplication potential was also observed by Karuppusamy and 
Kalimuthu (2010) in Andrographis neesiana. Sudha ei al.. (2012) reported 
approximately 500 shoots (10 fold multiplication) from single axillary shoot bud after 
3 subculture passages in Alpinia calcarata. The period required for stabilization can 
vary widely depending on the plant and other factors. Siddique et al.. (2006) reported 
the highest rate of shoot multiplication in ,Vyctanthes arbor-tristis during the first four 
culture passages which got stabilized at the fifth passage and decline thereafter. 
Similar, result was observed by Siddique and Anis (2007a and b) in Cassia 
angusti/blia whereas in I3auhinia tomentosa (Naz et al.. 201 1) multiplication rate 
increased up to the third sub-culture passage only. This approach to increase the shoot 
multiplication rate was adopted earlier in various plants including Gloriosa superba 
(Hassan and Roy 2005), Oroxyhun indicum (Gokhale and Bansal, 2009) and Balaniies 
aegptiaca (Anis et al.. 2010). 
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2.5. Rooting 
Successful root induction and their establishment in soil is a critical step in in vitro 
propagation programs. Developmental path of root induction can show variation in 
different species and genotypes within a species (George et al., 2008). Such variation 
has been attributed to a range of biotic and abiotic factors (Geiss cat al., 2009). most 
notably the availability of PGRs. particularly auxins and cytokinins (George et al.. 
2008). Rooting of microshoots can be accomplished both under in vitro and ex vitro 
conditions. The intricacies involved in adventitious rooting were reviewed by 
Haissing (1974). George and Sherrington (1984). Gaspar cat al.. (1994) and Rout et al.. 
(2000 h). Rooting in various planrt species greatly depend on the strength of MS 
medium with or without growth regulators. The ease of root formation on auxin free 
medium may be due to the availability of endogenous auxin in in vitro shoots 
(Minocha. 1987). Literature revealed that in a number of plant species, successful 
rooting was achieved on growth regulator free MS basal medium (Faisal and Anis 
2003. Shan cat al.. 2005. Mallikarjuna and Rajendrudu, 2007, Jahan and Anis, 2009). 
Different strength of MS salt ('/2. '/A. or ¼) were also observed to increase the rooting 
etliciency in various plant species including Yucca aimf,lia (Atta-Alla and Van 
Staden, 1997). Rotula ayuatica (Martin. 2003). Lathyrr's .sativus (Batik et al., 2004). 
Potentilla ppotaninii (Ile cat al.. 2006) and .11ucuna lu•uriens (Faisal et al.. 2006 a and 
b) where half strength NIS medium was found superior for root development whereas 
in Carcliosppernrann halicacahu►n (Jahan and Anis, 2009) one-third concentration of 
MS salts was effective for root formation. In another way, many reports are available 
where rooting frequency was not affected by the strength of MS medium (Avis and 
Faisal, 2005. Pandey cat al.. 2006. Rajeshwari and Paliwal, 2006). such types of plants 
required exogenous auxin treatment for better rhizogenesis. It is accepted that 
elevated auxin content favours root development. lndolc-3-acetic acid (IAA) a natural 
auxin, is known to be more easily oxidated than other natural auxin indole-3-butyric 
acid (IBA). or the synthetic auxin u-naphthaleneacetic acid (NAA) and is thus less 
effective (De Klerk et al.. 1999. George et al.. 2008,). Among the different auxins. 
IBA was found more efficient than other. In Ceniella asiatica. MS basal salts 
supplemented with 0.5 mg/I indole-3-acetic acid and 2% (w/v) sucrose was best for 
root induction (Tatra et al.. 1998). "I'iwari cat al.. 2000, found that rooting was highest 
(90%) on MS medium containing 2.46 mM 1BA in Ceniella asiatica. Root induction 
has also been reported in Phlllanihus amarus (Ghanti et al.. 2004) using MS medium 
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supplemented with a concentration of 0.5 mg/I of IBA. In case of Withania somniitera 
(L.) llunal. shoots were rooted on MS medium containing 2 mg 1-' (9.9 µM) indole-3-
butyric acid (IBA) (Rani el al., 2003). Other successful application of IBA to induce 
rooting was obtain in Holostemma ada-kodien ( Martin, 2002), Ocimum americanum 
(Patmaik and Chand, 1996), Mucuna pruriens (Faisal et al., 2006 a), Alpinia 
of cinarum (Selvakkumar or al., 2007), Clitorca iernatea ( Batik etal., 2007), Ruta 
graveolens ( Bohidhar et al., 2008), Andrograpis paniculata (Purkayastha e1 al., 2008) 
and Oroxylum indicum (Gokhale and Bansal. 2009). Ludwig- Muller (2000) has 
documented the stimulatory effects of IBA on the root development which may be 
due to several factors such as its preferential uptake, transport and stability over other 
auxins and subsequent gene activation. However, IAA has been reported also to 
trigger root initiation in a number of plants i.e. Artemesia vulgaris (Sujatha and 
Kumari, 2007). Cichorium intybus (Yucesan et al.. 2007). Metrosideros excelsa 
(lapichino and Aire, 2008) and Cardiospermum halicacabum (Jahan and Anis. 2009) 
and Crotolaria verrucosa (Hussain et al., 2008). In addition, NAA was found to be 
the most suitable auxin favorable for in vitro root induction in Rotula aquatic (Martin, 
2003). Sida eordifolia (Pattar and Jayaraj, 2012), Benincasa hispida (Thomas and 
Sreejesh, 2004). Abutilon indicurn (Rout et al., 2009). In some cases a mixture of 
auxins or cytokinins were suitable for root formation. Rout et al., (2007 and 2008) 
used a combined treatment of IBA and IAA to achieve rooting in Vyctannhes arbor-
tristis, where as Rauf et al., 2005 obscvcd best rooting in MS supplemented with 0.5 
mg/l NAA and 0.1 mg'l Kn in Gossypiwn hir.sutum. 
A short period exposure of in vitro regenerated shoots with either NAA or IBA 
initiate root morphogenesis in many plant species like, Of ea europaea (Santos et al.. 
2003), Hagenia abynseinica (Feyissa et al., 2005), Cassia angusti/olia (Siddique and 
Anis, 2007a). A part from in vitro rooting, ex vitro rooting is another aspect to 
develop the roots of micro propagated shoot, which is cost effective method requires 
less labor, chemicals and equipments than in vitro rooting because plantlets rooted ex 
vitro does not need any additional acclimatization prior to transplanting in the field 
conditions (Yan el al., 2010). Ex vitro rooting in microshoots has been reported in 
hazelnut (Nas and Read, 2004), Nyctanthes arbor-insets (Siddique et al., 2006), Vitex 
negundo ( Ahmad and Anis, 2007), Metrosideros excelsa (lapichino and Aire, 2008). 
Terminalia bellirica ( Phulwaria et al.. 2012). 
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2.6. Acclimatization and adaptation 
.\climatization of the obtained micropropagated plantlets is a critical moment for 
establishment of good protocol for mass production. Adaptation of plants in 
greenhouse. field or in the nature is another delicate and difficult stage. Easy 
acclimatization depends primarily on the formation and establishment of autotrophic 
<growth.Successiul results can be achieved by careful environmental control during 
acclimatization. Usually, the plantlets grown under optimal in vitro conditions (high 
humidity, low temperature. ample sugar or heterotrophic mode of nutrition and 
aseptic conditions) acquire some culture induced phenotype that changes when 
transferred to cox vitro condition and exhibit low survival or reduced growth rate due 
to external harsh environmental condition (Eliasson et al.. 1994, Pospisilova et al., 
1999b). In ,reen house. irradiance is much higher and air humidity much lower than 
in the vessels. Survival of micropropagated plantlets also depends on its ability to 
withstand water loss and carry out photosynthesis, which is enhanced by gradual 
acclimatization and hardening. During acclimation, the leaves formed in vitro can not 
cope with the external environmental conditions and are replaced by newly formed 
photosynthetically active leaves. The physiology and anatomical characteristics of 
micropropagated plantlets necessitate that they should be gradually acclimatized to 
the environment of greenhouse or field (1-lazarika, 2003). A number of researches has 
been conducted to solve the various problems related to acclimatization in different 
plant. In 1 vloj Nora indicu prior plantlets were transferred to sterile vermiculite for 
two weeks. fhere ter. the plantlets were successfully established in garden soil under 
greenhouse with 100°o survival (Faisal and Anis, 2003). According to Sudha et al., 
(2000) in vitro derived Holostenzma annulare plant showed 80% survival after a 
hardening period of four weeks by adjusting the humidity conditions inside the mist 
chamber by removing the polythene covering for 1 h during the first week and 
increasing the exposure time in subsequent weeks. Successful acclimatization 
procedure provides optimal conditions for a high percentage of survival of plants in 
field condition. Dynamics of the process as well as the final percentage of fully 
acclimatized plants are related to plant species and both in vitro and ex vitro culture 
conditions (Pospisilova et al., 1999b). 
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2.7. Current vistas in plant biotechnology 
2.7.1. Synthetic seeds production 
The successful demonstration of tissue culture derived propagules in a nutrient gel 
yields synthetic seeds. Synthetic seeds are basically defined as encapsulated somatic 
embryos under sterile conditions in a broader wav, it would also be non-embrvooenic 
vegetative propagules. 
In last decads, emergence of synthetic seeds technology bloomed as one of the major 
branch of plant biotechnology and has opened up new vistas in basic and applied 
biological researchs. In general. synthetic seeds mimic conventional seed and develop 
into complete plantlets under suitable in vinro conditions. Synthetic seed technology 
provides the only means realistically amenable to the extensive scale up required for 
the commercial production of elite clones (Bornman. 1993). The production of 
synthetic seed assumes great significance in those crops where seeds are not produced 
or produced in small quantities. In view of low success in somatic embryo production. 
altrernatively vegetative propagules likes buds, shoots. bulbs or other meristernatic 
tissues that can produce a whole plant may also be encapsulated which are also 
considered as " artificial seeds" (Pond and Cameron. 2003). Thus. use of other 
propagule for this technology break the restriction of concept that production of 
artificial seeds only from somatic embryos and provide new wave for future plant 
production program. followed by gennplasm storage or means to reduce the need for 
transplanting and subculturing during off season periods. 
The concept of synthetic seeds was first proposed by Murashige (1977). Since then 
different approaches have been actively persued to make it a viable technique. Kitto 
and Janick (1982) was the first to perform synthetic seeds production which involves 
encapsulation of carrot somatic embryos followed by their desiccation. Synseeds of 
alfalfa were obtained on encapsulation of somatic embryos in 2% solution of calcium 
alginate (Redenbaugh ei al., 1991). Further, Ganapathi er al.. (2001) suggested that 
ingredients in the encapsulation matrix contribute like an artificial endosperm to the 
developing encapsulated somatic embryos of banana. Ipekci and (iorukirmizi (2003) 
used somatic embryo of Paulow+wnia elongate for encapsulation in liquid `1S medium 
containing different concentrations of' sodium alginate with a 30-min exposure to 
50 mM CaCI,. A 3% sodium alginate concentration provided a uniform encapsulation 
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50 nm.11 CaCI,. A 3% sodium alginate concentration provided a uniform encapsulation 
of the embryos with survival and germination frequencies of 73.7% and 53.3%. 
respectively. Other than somatic embryos. few reports are available where 
encapsulated vegetative propagules (axillary or apical buds) used for mass clonal 
propagation as well as long term conservation of germplas in different plant species 
such as in mulberries (Pattnaik and Chand. 2000). Quercu.c sp. (l'sv etkov and 
Hausman. 2005). Ruurolfiu ietraphvlla (Faisal el u!.. 2006d) and 7jylohhoru indica 
(Faisal and Anis. 2007), i"irex fnegundo (:\hmad and Anis. 2010) Rliru graveolens 
(Ahmad c't ul., 2012). 
In addition, the svnseeds can he stored for longer duration during cold storage, 
encapsulated nodal segments require no transfer to fresh medium. thus reduces the 
cost of maintaining gcrmplasm cultures (W'r'est cat al.. 2006). Faisal and Anis (2007) 
reported that encapsulated nodal buds of Tvlohhora inc/lea successfully regenerated 
after different periods of storage at 4C. Siddique and Anis (2009) achieved maximum 
conversion response from alginate encapsulated seeds stored at 4C in Ocimrnu 
basilican, 
I'he synthetic seeds demonstrated high adventitious rooting capacity alter sowing 
(Bapat. 1993). however this phenomenon was not true in all scense. Faisal cat al.. 
(2006 d) excised regenerated shoots of Raurolra tert•anliVf tl and subjected them to 
rooting. Similarly in RuuvolJia serhentina rooting in encapsulated shoot as achieved 
in hall-strength hlurashige and Skoog liquid medium containing 0.5 pM indole-3-
acetic acid (IAA) on filter paper bridges (Faisal et al., 2012). 
2.7.2. Somatic embryos production 
Somatic embryo has recei%ed considerable attention towards clonal propagation of 
economically important plants. Somatic embryogencsis (SE) is the process by which 
somatic cells, under control conditions, generate embrvogenic cells, which go through 
a series of morphological and biochemical changes (Quiroz-Figueroa el al.. 2006). 
that result in the production of bipolar structure without vascular connection with the 
original tissue. Somatic embrvogenesis when integrated with conventional breeding 
programs as well as molecular and cell biological techniques, provides a valuable tool 
to enhancement of commercial crop species (Stasolla and Yeung. 2003). 
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The first descriptions of in vitro somatic embryo production were carried out 
independently by Steward et al., (1958) and Reinert (1959) working with carrot 
These early studies were very significant, because they confirmed 
❑aberlandt's 
prediction that embryos can arise from single cells in culture (i.e.. cellular 
totipoteney) (Kiyosue et al.. 1993, Hoxtermann, 1997). Since then somatic embryos 
have been obtained in many other plant species (Ammiratol983. Williams and 
Maheswaran. 1986). 
Somatic embryos can differentiate either from already pre-embryogenic determined 
cells (directly somatic embryogenesis) or from cells, which require rediffcrcntiation 
before acquiring embryogenic competence (indirectly embryogenesis) (Williams and 
Mahcswaran, 1986. Racmake s etal., 1995). 
At the time of somatic embryo development, the mersitematic cells break all 
cytoplasmic or vascular connections with other cells around it and become isolated, 
Therefore, unlike shoot bud, the somatic embryos are easily separable from explants. 
Although, somatic embryogenesis is more difficult to obtain nevertheless, it was 
successfully induced in a number of plant species including Corydalis yanhusuo 
(Sagare et al., 2000), Genre/la asiatica (Joshee et al.. 2007), Emilia zeylanica 
(Robinson et al., 2009), Eelipta alha (Devendra et at., 2011), Justicia gendarussa 
(Rhagya et al.. 2012), Jatropha curcas (Biradar at al.. 2012). 
Development of somatic embryos depends on various factors such as genotype, type 
of plant. age and developmental stage of an explant, physiological state of an explant-
donor plant, and the external environment which includes composition of media, 
PGRs and physical culture conditions (light, temperature). Exogenous applications of 
plant growth regulators are very important factor for triggering the tolipotence of the 
plaint cell to develop somatic embryo. Some PGRs could be distinguished as more 
prominent, whereas in the case of somatic embryogenesis it was difficult to point out 
the best ones. In a number of' combinations, a wide spectrum of natural 
phytohormones and synthetic phytoregulators like a-naphthaleneacetic acid (NAA). 
2,4-dichlorophenoxyacetic acid (2,4-D), 3,6-dichloro-o-ani.sic acid (dicamba), and 
cytokinins: zeatin. 6-furfurylamonopurine (kinetin), N-phenyl-N'-1,2,3- thiadiazol-5- 
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ben zyladenine (BA). and adenine sulfate were examined for somatic embryogenesis. 
It has also been observed that polar transport of auxin is essential for the 
establishment of bilateral symmetry during embryogenesis in dicotyledonous somatic 
embrN os (Schiavone and Cooke. 1987). Other than these phytohormones, nitrogen 
source also played a major role in somatic embryogenesis. NI I. is essential for 
induction of somatic embryos while NO form is required during maturation phase. 
The role of the plant growth regulators for somatic embryogenesis has been illustrated 
by several reports. In Jatropha curcas (Jha ct al., 2007) embryogenic calli were 
obtained in Kn and combination of Kn and IBA was effective for somatic embryo 
differentiation. In Des,nodiunl motoriunl (Devi and Narmatha bai. 2011), 
embrvogenic calli were formed on NIS medium containing Indole-3-acetic acid 
(IAA). and 6-benzyladenine (BA) while 	regeneration of plants was possible on 
hormone free NIS medium. Azad et al.. 2009 developcd highly efficient method for 
somatic embryogenesis in Phelloqcndhron a1111u•ense where MS medium augmented 
with BA and 2.4-D was used for embryo development and germination was recorded 
in '-: MS medium . Similarly. 2.4-D and BA was effective for embryogenic callus 
production in lYlE'rocal'O1!S inarSiuJ711/111. embryo differentiation was observed on MS 
medium with 13A. highest frequency of mature embryos were obtained on MS 
medium along with BA. NAA and ABA, followed by germination on 'V MS 4- BA 
medium (Ilusain et al.. 2010). Ma el al., 2011 succeeded in achieving somatic 
embryos from shoot explants of Ochna integerrima on .viS medium containing higher 
concentration ofthidiazuron (TDZ, 15.0 1ii-1). 
In addition, cell suspension culture has the greater potential for rapid production of 
somatic embryos. In .k1a nihot esculenta. the cyclic system of somatic embryogenesis 
was improved by using both liquid and solid media, of which liquid medium was 
suitable and helped in the induction of multiple embryos which later on converted into 
shoots (Raemakers ei al.. 1993). Winkelmann et al.. (1998) used cell suspension 
culture of ('ye/amen persiclnn for rapid development of somatic embryos. Likewise. 
a high frequency of somatic embryos was induced in MS liquid medium 
supplemented with 4.52 µZ1 2.4-D and 10% coconut water in Acacia sinuala 
(Vengadesan cat al.. 2002). Martin (2003). reported that embryogenic callus gave rise 
to the highest number of embryos after being transferred to half strength MS liquid 
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medium in Androgrohhis paniculata. Elhag et al.. (2004) observed plant regeneration 
via somatic embryogenesis in liquid culture of :Vigella sativa. In view of Ahmed et 
al.. 2009. MS liquid medium with NAA. BA. coconut water, citric acid and glutaminc 
were effective to produce higher number of somatic embryos than solid culture in 
Gymnema sylvestre. Similar results were also reported in Nolosvemara ada-kodien 
(Martin. 2003). 
2.8. Physiological studies 
It has long been recognized that morphological and physiological adaptations occur 
after transfer of plantlets from in vitro to uncontrolled conditions, i.e. more from a 
heterotrophic or mixotrophic metabolism to autotrophism (Preece and Sutter. 1991, 
Van Huylenhroeck and De Rick, 1995, Van Huylenbroeck cl al.. 1998a. Kozai e► al., 
2000). In vitro raised plants exhibited low photosynthetic rate under ex vitro 
condition, caused by low atmospheric CO., levels in culture vessels, low irradiance 
(Sallanon et al., 1995), and high sugar content of the medium (Hdider and Desjardins, 
1994). In vitro raised plantlets required some weeks of acclimatization under shade 
with gradually lowering relative humidity to avoid desiccation, photoinhibition and in 
order to repair the abnormalities (Drew et al., 1992. Pospisilova et al., 2000) before ex 
vitro transplantation. 
Further, in many plant species enormous growth was observed alter transplantation to 
ex vitro condition. Diettrich ct al.. 1992 reported that when in vitro raised plants are 
transferred to ex vitro condition. they exhibited appearance of newly formed leaves 
possessing functional stomata similar to that of seed grown plants and this showed 
increased in chlorophyll levels. 
In addition, the effect of CO2 also an important factor during photoautotrophic growth 
than in photomixotrophic growth (Ticha. 1996). The simultaneous increase in both 
light intensity and CO, concentration during in vitro culture generally improve in 
vitro photosynthetic activity (Kozai etal., 1995). Kirdmanee etal.. 1995 reported the 
positive effects of elevated CO2 on photosynthesis and acclimatization of Eucalyptus 
during in vitro culture. Increase in chlorophyll levels (chlorophyll a and b) during 
transplantation in ex vitro condition has been reported earlier by Rival ei cil., (1997). 
Pospisilova et al.. (1998). Van Huylenbroeck et al.. (2000) and Osorio cat al., (2005). 
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In eonlrast some reports are available where chlorophyll contents deficiency was 
recorded during the initial days of transplantation in field condition. In Ocimurn 
basilicum (Siddique and Anis, 2008) reported a decrease in chlorophyll contents 
during the starting days, followed by increase in subsequent days of acclimatization. 
Faisal and Anis (2010) recorded significant higher levels of chlorophyll pigments in 
the fully hardened plantlets of Tylophoro hid/ca in eomparision with in vitro ones. 
Also, carotenoids play key function in protecting chlorophyll pigments under stress 
conditions ('Kenneth el al.. 2000). In Calathea loulsae, the chlorophyll and carotenoid 
contents were almost three times higher at 30 day after ex vino transfer in newly-
formed leaves (Van Huylenbroeck el al., 2000). Similary. Fatima et al., (2011a) 
reported increased in chlorophyll and earotenoid contents in Withonia sorninifera. Net 
photosynthetic rate in Solanwn tuharo.cum and Spathuphyllum florihundum plants 
decreased in the 1st week after transplantation and increased thereafter (Baroja et al., 
1995, Van Huylenbroeck and Debergh, 1996) proving establishment of plants in ex 
vitro environment. In short, all these study proved that heterotrophic or 
photomixotrophic plantlets are potentially capable of developing functional 
photosynthetic pigments and measurable photosynthetic rates (Ticha et al., 1998), 
when passed through gradual hardening process under controlled environment 
(Amancio et al., 1999, Van Huylenbroeck et al., 2000).  
2.8.1. Biochemical parameters 
After ex vitro transfer, plantlets might be easily impaired by sudden changes in 
environmental conditions. They suffer from several biotic and abiotic factors. A 
common feature of the imposition of enviromnental stresses is the increased rate of 
production of reactive oxygen species (ROS; i.e. hydrogen peroxide, superoxide 
radicals, singlet oxygen, hydroxyl radicals). The most important sources of ROS are 
chloroplasts, mitochondria. peroxisomes, and the cytosol (e.g. Miszalski etal.. 2007). 
'02 (singlet oxygen) is produced in photosystem [1 (PSII) and Oz'  (superoxide 
radicals) at both photosystem I (PS[) and mitochondria, while the peroxisomes 
produce 02' and H202 in several key metabolic reactions (Moller et al., 2007). 1I202 
is relatively stable and can he removed by normal cellular antioxidant systems 
(Yannarelli e1 al., 2006). These are highly reactive species and can seriously disrupt 
normal metabolism through oxidative damage to membrane lipids, protein pigments 
and nucleic acid which ultimately results in cell death. In order to cope with 
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continuous ROS production, plants have a battery of enzymatic and nonenzymatic 
antioxidants, which function as an extremely efficient cooperative system. 
The major scavenging mechanisms include superoxide dismutase (SOD), catalase 
(CAT), ascorbate peroxidase (APX) and glutathione reductase (OR) (Fig. 3). SOD is 
the front - line enzyme in ROS attack since it rapidly scavenges superoxide, one of the 
first ROS to be produced, dismutating it to oxygen and H=O2 (Bowler ci al., 1992). 
Three classes of SOD have been identified in plants on the basis of their metal 
cofactor. Fe-SOD are found only in plastids, Mn-SOD are found mainly in 
mitochondria as well as peroxisome and Cu/Zn-SOD are located in plastids, cytosol, 
apoplast, and peroxisomes (Bowler c/al., 1994). however, SOD only converts ROS 
to another ROS i.e. H202, which also needs to be destroyed since it promptly attacks 
thiol proteins (Noctor and Foyer. 1998). The major enzymatic cellular scavengers of 
H202 are catalase and ascorbate peroxidase (APX) (Willekens el al.. 1997). CAT 
convert H202 into H20 and 02 in peroxisomes and is involved in the decomposition of 
H2O2 formed during photorespiration, without the need of an additional substrate 
(Pereira et al.. 2002) whereas the affinity to eliminate H202 in other cell 
compartments depends on distinct peroxidases, such as APX and GPX, which 
catalyze the breakdown of H2O2  using different reducing substrates (Pereira or al., 
2002). APX, an enzyme located (chloroplasts, cytosol, mitochondria, peroxisomes, 
and apoplast) in every cellular ROS producing compartment, might function as a fine 
regulator of intracellular ROS steady-state levels, possibly for signaling- purposes 
(Wiltekens et a1., t997) ). GPX is located in the cytosol (Mittler, 2002) and also 
metabolizes 11202, although at rates that arc small compared with the large rates of 
H 20, generation in plants (Noctor et al., 2002). Other peroxidases such as guaiacol 
peroxidases are enzymes that metabolize H202  to water, using the oxidation of a wide 
variety of substrates, mainly phenols. 
Other enzymes that arc very important in the ROS scavenging system and function in 
the ascorbate-glutathione cycle are glutathione reductaso (GR: EC1.6.4.2), 
inonodehydro ascorbat reductase (MDHAR: EC 16.54) and dehydroascorbate 
reductase (DIIAR: EC 1.8.5.!) (Candan and Tarhan, 2003). GR has a major role in 
maintaining the intracellular glutathione pool in the reduced state (GSII) (Noctor and 
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maintaining the intracellular glutathione pool in the reduced state (GSH) (Noctor and 
Foyer. 1998). GSII can function as an antioxidant either directly (non enzymatically), 
like ascorbate. by scavenging singlet oxygen. superoxide or even hydroxyl radicals, or 
indirectly as a reducing agent that recycles ascorbic acid from its oxidized form to its 
reduced form by the enzyme dehydroascorbate reductase (Noctor and Foyer. 1998). 
Expression of GR is unregulated under stresses such as high light, mechanical 
wounding. high temperature. chilling and exposed to heave metals and herbicides 
(Apel and Hirt, 2004. Karuppanapandian et al.. 2011). 
MDA. a decomposition product of polyunsaturated Tatty acids hydroperoxides is an 
indicator of free radical production and tissue damage, has been utilized very often as 
a suitable biomarker for lipid peroxidation (C'hakrabarty and Datta, 2008). which is 
an effect of oxidative damage. All et al.. (2005a) observed the effect of light 
intensities on antioxidant enzymes and malondialdehyde content during short-term 
acclimatization on inicropropagated Phaluenopsis plantlets. Also changes in lipid 
peroxidation alter ex vitro transplantation has been observed by Chakrabarty and 
Datta. 2008. (Ihnaya cat al.. 2011). 
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Fig. 3. ROS and antioxidants defense mechanism. Source: Gill and Tuteja (2010) 
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It has been proved that after transplantation in ex vitro condition, plantlets developed 
antioxidative defense system against ROS. Many researched have proved to take 
different parameter, for example, under high irradiance, significant changes in the 
activity of the antioxidant enzymatic system were observed in micropropagated plants 
of Calathea (Van Huylenbr-)eck et al., 2000), Phaluenopsis (Ali et al., 2005a). 
Ocimum hasilictmi (Siddique and Anis, 2009), Rauwolfia letraphivlla (Faisal and 
Anis, 2009), Tvlophoru indica (Faisal and Anis. 2010), Ulmus minor (Dias et al.. 
2011). In addition, drought (Sharma and Dubey, 2005, Zlatev el al., 2006. Fazeli et 
al., 2007) and high temperature (Ali el al., 2005b) are other parameter which 
accompany to develop antioxidant system during acclimatization in field conditions. 
2.9. Clonal fidelity of micropropagated plant 
Clonal trueness is one of the major concerns of the tissue culture industry in 
micropropagation plane. Micropropagated plants from cultivars of preformed 
structure like nodal segments, axillary buds and shoot tips have been reported to 
maintain clonal fidelity but plant growth regulators especially synthetic ones at sub 
and super optimal levels have been shown to be associated with somaclonal variation 
(Mai-tin e► al., 2006). Somaclonal variation also occurs as responses to the stress 
imposed on the plant in culture conditions and are manifested in the form of DNA 
methylations, chromosome rearrangements and point mutations (Phillips et al., 1994). 
Although somaclonal variations may be used as a source for variation to get superior 
clones, it could be a serious problem in plant tissue culture industry where the, aim is 
to develop identical propagules of a desired variety resulting in the production of 
undesirable traits or plant off-types (Karp 1993, Cassells el al., 1999). In the light of 
the various factors (genotype, ploidy level, in vitro culture age, explant and culture 
type, etc.) that lead to somaclonal variation of divergent genetic changes at the 
cellular and molecular levels, genetic analysis of micropropagated plants using a 
multidisciplinary approach, especially molecular marker techniques has become a 
powerful and valuable tools to detect genetic fidelity of in vitro propagated plants. 
2.9.1. PCR based DNA markers 
With the invention of polymerase chain reaction (PCR), which is used for amplifying 
DNA sequences, a large number of approaches for generation of' molecular markers 
based on PCR were detailed. A molecular marker is defined as a particular segment of 
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DNA that is representative of the differences at the gnome level. may or may not 
correlate with phenotypic expression of a trait. Among the various molecular markers, 
polymerase chain reaction (PCR)-based markers, such as random amplified 
polymorphic DNA (RAPD) (Williams et a).. 1990), inter simple sequence repeat 
(ISSR) (Zietkiewiez et al., 1994), sequence- related amplified fragment length 
polymorphism (Li and Quires, 2001) and amplified fragment length polymorphism 
(AFLP) (Vos ci al., t 99) have become popular, as their application does not require 
any prior sequence information. 
*RAPD- PCR markers 
Welsh and McClelland (1991) developed a new PCR-based genetic assay namely 
randomly amplified polymorphic DNA (RAPD), has become one of the most 
commonly used molecular techniques. RAPD markers are amplification products of 
anonymous DNA sequences using single, short and arbitrary oligonucleotide primers. 
and thus do not require prior knowledge of a DNA sequence. In this reaction, a single 
species of primer anneals to the genomic DNA at two different sites on 
complementary strands of DNA template. If these priming sites arc within an 
amplifiable range of each other, a discrete DNA product is formed through theme 
cyclic amplification. On an average, each primer directs amplification of several 
discrete loci in the genome, making the assay useful for efficient screening of 
nucleotide sequence polymorphism between individuals (William et al.,1993). These 
polymorphisms are considered to be primarily due to variation in the genomic DNA: 
base pair substitution, insertions and deletions, which modify or eliminate the primer 
annealing sites. The primers are usually 10 bp in length with GC content of at least 
50% and have a low annealing temperature (36`C to 40t). However, due to the 
stoichastic nature of DNA amplification with random sequence primers, it is 
important to optimize and maintain consistent reaction conditions for reproducible 
DNA amplification. In addition, random primers are commercially available; no 
sequence data for primer construction are needed. They are dominant markers and 
hence have limitations in their use as markers for mapping, which can be overcome to 
some extent by selecting those markers that are linked in coupling (Williams et al., 
1993). By using RAPD marker, genetic stability in different tissue cultured raised 
plants like Liliurrz (Varslmey et al., 2001), Vitls ViniJera (Gheorghe et al., 2009), 
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Ocimum kilimandscharicum (Saha et al., 2010), Vitex negundo (Ahmad and Auis, 
2011). Ocimum gratissimum (Saha et al., 2012) etc. have been established. 
* ISSR- PCR markers 
The Inter-simple sequence repeats (ISSR) are semiarbitrary markers amplified by 
polymerase chain reaction (PCR) in the presence of one primer complementary to a 
target microsatellite. Each band corresponds to a DNA sequence delimited by two 
inverted microsatellites (Zietkiewicz et al., 1994, Nagaoka and Ogihara. 1997). ISSRs 
use longer primers (15-30 mers) as compared to RAPD primers (10 mers), which 
permit the subsequent use of high annealing temperature leading to higher stringency. 
The annealing temperature depends on the GC content of the primer used and ranges 
from 45 to 65`C.This technique is more reproducible and generates three to five times 
the variation of RAPD (bands/ marker, Nagaoka and Ogihara. 1997). ISSR markers 
have been shown to he more reliable and conform closely to dominant Mendelian 
inheritance which makes them useful for genotype analysis and genome mapping 
(Tsumura et al., 1996. Nagaoka and Ogihara, 1997). ISSRs segregate mostly as 
dominant markers (Ratnaparkhe et al., 1998), although co-dominant segregation has 
been reported in some cases (Wu etal.. 1994, Wang ei al., 1999. Sankar and Moore, 
2001). Also the mentioned advantage of the cost efficiency associated with ISSR 
assay can help in a regular genetic uniformity check of the micropropagated plantlets 
without adding much to the cost of tissue culture-raised plants. Considering that ISSR 
detect genetic fidelity, the technique is successfully applied in a range of plant species 
as banana (Venkatachalam et af. 2007). Swertia chirayita (Joshi and Dhawan. 2007), 
Amorphophalus albus (Jianbin et al., 2008), Ochreinauclea missions (Chandrika and 
Ravishankar Rai, 2009), Cannabis saliva (Lath er at., 2011) and Rauvolfia .rerpensina 
(Faisal et al., 2012). 
It 

Chapter 3: MATERIALS AND METHODS 
3.1. Plant material and explant source 
Mature seeds were procured from a 6 month old plant of Althaea ofhcinalis, 
maintained at Botanical Garden of the University of Kashmir (J&K). Nodal (N), 
intemodal (IN) and leaf explants were excised from the plant growing at the Botanical 
Garden of Aligarh University (Fig. 4 & 5 A. B). In other experiment, juvenile 
cotyledonary nodes (CN, 15days old), aseptic nodal segments (AN. 4 weeks old) were 
excised from aseptic seedlings (Fig. 4 & 5 C. D). 
3.2. Surface sterilization 
Healthy mature seeds (Fig. 513), leaves, nodal and intemodal explants excised from a 
mature plant were thoroughly washed in running lap water for 30 min to remove 
adherent panicles, immersed in 1% (w/v) solution of Bavistin, a fungicide for 20 min. 
After that treated with 5% (v/v) Teepol solution for 15 min and rinsed with sterile 
distilled water followed by surface sterilization in 0.1% (w/v) mercuric chloride 
(HgCl) solution under sterile conditions for 5 min for seeds and 3 min for other 
(nodal, intemodal and leaf) explants. finally rinsed five times with sterile distilled 
water. 
3.3. Inoculation of explants in culture medium 
Seeds and other explants (leaf, nodal and internodal) were inoculated on respective 
medium i.e., germination. callus induction or shoot induction and somatic embryos 
formation medium. 
3.4. Establishment of aseptic seedlings and preparation of explants 
In first set of experiments, the surface sterilized seeds were inoculated on different 
strength of Murashige and Skoog (1962) (MS, '/,, 1A, ` /4) basal medium to raise aseptic 
seedlings. Juvenile cotyledonary nodes (CN, 1.0-1.5 cm) and aseptic nodal (AN, 1.0-
1.5 cm) segments obtained from seedlings were used as explants. In another set of 
experiment nodal (N, 1.0-1.5 cm), leaf (central and lateral vein ( CV, LV, lxI cm) 
and internodal (IN, 1.0 cm) segments, excised from a mature plant grown at the 
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Botanical Garden of the Aligarh Muslim University were used for morphogenetic 
studies. 
3.5. Culture media 
The success of explanis differentiation and in vitro propagation relies on the use of 
suitable dose of nutritional regime, other than plant growth regulator (FGRs). In the 
present study. Murashige and Skoog (MS, 1962) (Full and half strength) medium 
formulation was used. Other media like B5 (Gamborg et al., 1968), and Lz (Philips 
and Collins, 1979) were also tested for better shoot induction and proliferation. 
3.5.f. Composition of basal media 
The different constituents of MS. B, and L2 medium along with their concentrations 
used are listed in table 5. 
3.5.2. Preparation of stock solutions 
The constituents of MS, B, and L_ medium depicted in table 5 were prepared in the 
form of four different stock solutions (Table 6). Stock I- major salts (20 X 
concentrated), Stock TT- minor salts (200 X concentrated), Stock III- FeSO4.7H?O and 
Na2EDTA.2I120 (100 X concentrated) and Stock IV - Organic nutrients except 
sucrose (100 X concentrated) were prepared. 
All stock solutions were made separately by dissolving the required amount of solute 
in double distilled water. The reasons for preparing different stock solutions is that 
certain kind of chemicals, when mixed together will precipitate and does not remain 
in solutions. To prepare one litre of medium, 50 ml of stock solution I. 5 ml of stock 
solution II and 10 ml of each of stock solution III and IV were taken. 
Separate stock solutions were prepared for each plant growth regulator by dissolving 
it in a minimal quantity of appropriate solvent (I N NaOH or absolute alcohol) and 
making up to the desired volume with double distilled water (DDW). All the stock 
solutions were stored in a refrigerator at 4'-1C and were checked properly before use. 
The different concentrations of growth regulators used in the study were prepared 
from stock solutions by using the following formula; 
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Fig 4. Different explants excised from aseptic seedling and mature plant of 
Althaea officinalis 
Sl y! 	= 	S2V2 
Where, 
St 	= Strength of stock solution 
V1 	= Volume of the stock solution required 
S2 	= Strength of desired solution 
V2 	= Volume of desired solution 
3.6. Plant growth regulators and additives 
3.61. Direct regeneration via different explants 
Depending upon the experimental set up, the basal medium was supplemented with 
various plant growth regulators such as cytokinins viz., 6-benzyladenine (BA, 0.5, 
2.5, 5.0, 7.5 and 10.0 µM), 6-fiirftirylaminopurine/kinctin (Kn, 0.5, 2.5, 5.0. 7.5 and 
10.0 µM). 2-isopentenyladenine (2-iP, 0.5, 2.5, 5.0. 7.5 and 10.0 µM) or thideazuron 
(I DZ, 0.1, 0.3, 0.5. 0.8 and 1.0 pM ) either singly or in combination with auxins viz., 
indole-3-butyric acid (IBA), indole-3-acetic acid (IAA), a-naphthalene acetic acid 
(NAA) at different concentrations (0.12, 0.25, 0.5, 1.0 or 1.5 1tM). 
3.6.2. Indirect regeneration of plantlets 
Leaf segments (central and lateral vein (1 * I cm) were cut and placed in culture tubes 
(125x 25 mm; Borosil, India). containing MS (1962) medium supplemented with 
different concentrations of 2,4-dichloro phenoxy acetic acid (2.4-D; 5.0. 10.0. 15.0, 
20.0 or 25.0 ltM). After 8 weeks of culture, the frequency of explants producing callus 
was scored. 
Leaf derived calli were transferred in Erlenmeyer flasks that contained 40 ml of liquid 
MS medium supplemented with reduced concentrations of 2,4-D (2.5, 5.0, 7.5, 10.0 or 
12.5 µM) with various levels of adenine sulphate (AdS) (10. 20, 30, 40 or 50 µM) 
and agitated at 100 rpm on a gyratory shaker. For further development calli, were 
transferred to MS medium (control) or supplemented with different concentrations 
(0.5, 2.5, 5.0, 7,5 or 10.0 µM) of BA, Kn or 2-iP alone or in combination with IAA, 
[BA or NAA at 0.125, 0.25 or 0.50 µM concentrations. 
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Table 5: Composition of MS, BS and L2 medium 
Components 	MS 
Macronutrients 
MgSO4 	 370 
KH2PO4 170 	_ 
KNO3 	 1900 	_ 
NH4NO3 1650 
CaCl2.2H2O 	 440 
NaH2PO4.H20 -  
(NH.(  rS) 	O 	 - 4 
Micronutrients 
H3BO3 	 6.2 
MnSO4.4H2O 	22.3 
MnSO4.H2O - 
ZnSO4.7H2O 	8.6 
Na2MoO4.2H20 	0.25 
C uSO4.5H2O 0.025 
CoC12.6H20 	0.025 
KI 	 0.83 
FeSO4.7H20 	27.8 
Na2EDTA.2H2O 	37.3 
Organic supplements 
Thiamine HCJ 	0.1 
Pyridoxine HCI 	0.5 
Nicotinic acid 	_ 	0.5 
Mvo-inositol 100 
Other 
Bs 	 12 
Amount (mg/I) 
250 	 435 
- 325 
2500 	 2100 
- 1000 
150 	 600 
150 85 
134 	 - 
3.0 	 5.0 
- 19.8 
10.0 	 - 
2.0 5.0 
0.25 	 0.4 
0.025 0.1 
0.025 	 0.1 
0.75 _ 1.0 
27.8 	 25.0 
37.3 33.5 
10.0 	2.0 
1.0 	 0.5 
1.0 - 
100 	 250 
Glvcine 	 2.0 
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Table 6: Stock solutions for MS, BS and l., medium 
Components 	MS 
	 L2 
Amount (mgi!) 
MgSO4 7400 5000 8700 
KH2PO4 3400 - 6500 
KNO3 38000 50000 42000 
N114NO3 33000 - 20000 
CaC12.2H20 8800 3000 12000 
NaH2PO4.H20 - 3000 1700 
(NH4)2SO4 - 2680 - 
H3B03 1240 600 1000 
MnSO4.4H20 4460 - 3960 
MnSO4.H20 - 2000 - 
ZnSO4.7H20 1720 400 1000 
Na2MoO4.21120 50 50 80 
CuSO4.5H20 5.0 5.0 20 
CoC12.6H2O 5.0 5.0 20 
KI 166 150 200 
FeSO4.7H20 2780 2780 2500 
Na2EDTA.2H20 3730 3730 3350 
Thiamine HCl -50 1000 200 
Pyridoxine HC1 50 100 50 
Nicotinic acid 50 100 - 
Myo-inositol 10000 10000 25000 
Glvcine 	 200 	 - 	 - 
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3.6.3. Induction of somatic embryogenesis and plantlets regeneration 
Internodal segments excised from mature plant were inoculated on MS medium 
supplemented with different concentrations of 2,4-D (5.0. 10.0. 15.0, 20.0 and 25.0 
µM) for initiation of somatic embryogenesis. For further differentiation (globular to 
torpedo stage) optimum concentration of 2,4-D, along with various concentration of 
BA (0.1, 0.5, 1.0. 1.5 and 2.0 itM ) were used. For germination, torpedo embryos were 
transferred to liquid MS medium containing different combinations of BA (0.1, 0.5 or 
1.0 µM) with abscisic acid (ABA, 0.5. 1.0 or 1.5 µM) or in combination with NAA 
(0.1, 0.5 or 1.0 MM). The 10 weeks old coyledonary embryos were transferred to 
another set of liquid MS (MS. '/z. '/; or '/4) medium without any plant growth 
regulator. Germination frequency and conversion into plantlets were recorded after 
one week of transfer. 
3.7. pH adjustment, gelling of medium, carbon sources and sterilization 
'l'he p11 of MS and L2 medium was adjusted to 5.8 and B: to 5.5 using IN NaOf f or 
HCI using a p1-1 meter (Elico Pvt. Ltd., India) prior to autoclaving. 3% (w/v) sucrose 
was added in all the experiments as a sole carbon source. The medium was solidified 
with 0.8% (w/v) agar (Qualigen's Fine Chemicals, Mumbai) by dissolving it in a 
microwave until a clear gel is formed. 
The experiments were also designed to assess the effect of various media (MS, '/2 MS. 
L2 and BS), different pH values (5.0, 5.4, 5.8, 6.2 and 6.6) and carbon sources 
(sucrose, glucose and fructose) at various concentrations 11, 2, 3, 4 and 5% (w/v)1 
with optimal dose of plant growth regulator regime in medium for maximum shoot 
regeneration. 
The media were dispensed in 25 x 150 mm test tubes each containing 20 ml of 
medium while 50 ml in a 100 ml capacity wide mouth Erlenmeyer flasks (Borosil. 
India) and cotton plugs (single layered cheese cloth stuffed with non-absorbent 
cotton) were used as closures. 'l'he medium was sterilized in an autoclave at 1.06 Kg 
cm-2 (121 C) for 15 min and the medium in culture tubes was allowed to set as slants. 
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3.8. Sterilization of glasswares and instruments 
All the glasswares, instruments (wrapped in aluminium foil) and double distilled 
water was sterilized by autoclaving at 1.06 kg cm2 (121 C) for 20 min. The forceps, 
scalpel, etc. made of stainless steel were sterilized by dipping them in rectified spirit 
followed by flaming and cooling before inoculation. 
3.9. Sterilization of laminar air flow hood 
The laminar air flow hood (NSW. Delhi) was sterilized by switching on ultraviolet 
(UV) light for 30 min followed by wiping the working surface area with 70% alcohol 
before any operation inside the hood. 
3.10. Inoculation and culture conditions 
Inoculation was performed under aseptic conditions of laminar air flow cabinet by 
using sterilized culture media, instruments and distilled water. The instruments were 
re-sterilized (time-to-time) during inoculation by dipping them in absolute alcohol 
followed by their flaming and cooling. 
[he surface sterilized plant materials were transferred to petridishes and inoculated 
using sterilized forceps in culture vials followed by plugging with cotton plugs in 
quick succession. All the cultures were maintained at 24 f 2'C under 16/8 It 
photoperiod with a photosynthetic photon flux density (PPFD) of 50 lunolai2s' 
provided by cool white fluorescent light (40 W. Philips, India) with 55-60% relative 
humidity. 
3.11. Rooting 
Rooting was attempted in the microshoots (3-4 cm) using in vitro and ex vitro 
methods. For in vitro root induction, the isolated shoot.-, were transferred on full and 
half strength MS medium with or without auxins (IAA, IBA, NAA). Lower (0.1, 0.5, 
1.0, 1.5 or 2.0 itM) or higher concentrations (10.0. 20.0 or 30.0 µM) of JAA. IBA or 
NAA were used separately. Data were recorded on percent rooting, number of 
roots/shoot and root length on direct and indirect shoot separately after 4 weeks of 
culture. 
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For ex vitro rooting, the basal end of the healthy shoots were dipped in IBA solution 
at different concentrations (50, 100. 150. 200 or 250 PM) for 30 min and then planted 
in small thermocol cups containing sterile soilrite (Keltech Energies Pvt. Ltd.) and 
acclimatized according to the procedure described below. Data on percentage rooting, 
number of roots and root length were recorded after 4 weeks of ex vitro 
transplantation. 
3.12. Acclimatization and hardening of plantlets 
Young plantlets with well developed shoot and roots, after removal from culture 
medium, were washed gently under running tap water to remove any adherent gel 
from the roots and transferred to themiocol cups containing sterile vermiculite, soilrite 
(Keltech Energies Ni. Ltd., India) or garden soil covered with transparent polythene 
bags. The planticts were incubated in a closed growth chamber at 20-28C and a 
relative humidity of 55-60%. The light was provided with cool fluorescent tube light 
(16 h photoperiod; 50 pmol m2 s t Philips, India), watered every 2 days with half 
strength MS salt solution (without vitamins) for 2 weeks. Polythene membranes 
were removed after 4 weeks in order to acclimatize plantlets and after 8 weeks they 
were transferred to pots containing normal garden soil (water 25%, air 25%, organic 
substances 5% and mineral 45%) and a mixture of garden and sandy (1:1) soil, 
maintained in green house under normal day length conditions. The hardening 
experiments were conducted during the winter (November February) season. 
3.13. Synthetic seeds production 
3.13.1. Explant source 
Nodal segments, (1.0 cm) excised from in vitro shoots culture (8 weeks old). were 
used as explants. 
3.13.2. Encapsulation matrix 
Sodium alginate (Qualigens, India) at different concentrations (1, 2, 3,4 and 5%) was 
added to liquid ¼ MS medium. For complexation, 25. 50, 75, 100 and 200 mM 
CaC12.1120 solution was prepared using liquid MS medium. 'Phe pH of the gel matrix 
and the complexing agent was adjusted to 5.8 prior to autoclaving at 121 C for 15 
min. 
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3.1.3.3. Pretreatment of nodal segments with an auxin for induction of root 
printordia 
Excised nodal segments were pretreated with '/a MS medium along with 20 tM IBA 
for 24 hour and encapsulation was carried thereafter. 
3.13.4. Encapsulation 
Encapsulation was accomplished by mixing the nodal segments with sodium alginate 
solution using a pipette and by dropping them in CaCl2.2H2O solution. The droplets 
containing the explants were held at least for 20 min to achieve polymerization of the 
sodium alginate. The calcium alginate beads containing the nodal segments were 
retrieved from the solution with a tea strainer and rinsed twice with autoclaved 
distilled water to remove the traces of CaC12.2H2O and transferred to sterile filter 
paper in petridishes for 5 min under the laminar airflow cabinet to eliminate the 
excess of water and thereafter planted onto petridishes containing nutrient medium. 
3.13.5. Planting media 
The encapsulated nodal segments (alginate beads) were transferred to wide mouth 
culture flask (Borosil. India) containing MS medium supplemented with plant growth 
regulators either singly or in combination as specified in results. The alginate beads 
were then incubated under the same culture conditions as mentioned earlier under the 
heading Inoculation and culture conditions'. 
3.13.6. Low temperature storage 
A set of encapsulated and non-encapsulated nodal segments were transferred in 
petridishes containing agar medium and stored in refrigerator at 4'C separately. Seven 
different exposure times (0, 1. 2, 3, 4, 5 and 6 weeks) were evaluated for regeneration. 
After each storage period, encapsulated and non-encapsulated nodal segments were 
cultured on MS medium supplemented with plant growth regulators for conversion 
into plantlets. The percent conversion of encapsulated and non encapsulated nodal 
segments forming shoot and root onto regeneration medium was recorded after 4 
weeks of culture. The plantlets developed from encapsulated and non- encapsulated 
nodal segments were hardened off and acclimatized as specified in the results. 
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3.14. Physiological and biochemical studies of in vit ro regenerated plants during 
acclimatization 
*Experiment with different light irradiances 
A total of 50 pots were divided into two groups and placed in a growth room 
maintained at 20-28°C with 55-60% relative humidity. Both groups were grown under 
a 16 h photoperiod, with varying PPFD at plant level. For one group (25 pots), plants 
were placed under low light (LL) intensity, 50 µcool m' s', while for another group 
(25 pots), plants were placed under high light (IIL) intensity, 300 µmol m z s'. Leaf 
samples were taken at transplanting (day 0) and after 7, 14. 21 and 28 days for 
estimation of photosynthetic pigments, photosynthetic rate, malondialdehyde (MDA), 
H202 and antioxidant enzymes activities. 
3.14.1. Chlorophylls and carotenoid estimation 
The chlorophyll (Chi a and h) and carotenoid contents from leaf tissues were 
estimated by the method of Mackinney (1941) and Maclachan and Zalick (1963), 
respectively. 
3.14.1.1. Procedure and estimation 
20 samples each from a different plant (10 from LL treated and 10 from HL treated 
plants), were collected and 0.5g leaf tissues were ground in 5 nil acetone (80%) with 
the help of mortar and pestle The suspension was filtered with Whatman No-1 filter 
paper, if necessary the supernatant was again washed and filtered, the total filtrate was 
taken in graduated test tubes and final volume was made upto 10 ml with 80% 
acetone. 
The optical densities (O.D.) of chlorophyll solution was read at wavelengths 645 con 
and 663 Inn and for eaeotenids, the O.D. was read at 480 nm and 510 our 
wavelengths with the help of spectrophotometer (UV-Pharma Spec 1600, Shimadzu, 
Japan). The chlorophyll (Chi a and b) and carotenoid contents were expressed in mg/g 
fresh tissue and calculated according to the formulae given below: 
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Chlorophyll a = 	12.7 (O.D. 663 nm) – 2.69 (O.D. 645 nm) x V 
(1 x 1000 X W 
Chlorophyll b = 	22.9 (O.D. 645 nm) – 4.69 (O.D. 66; nm) X V 
d x  1000xW 
Carotenoid – 	7.6 (O.D. 480 nm) – 1.49 (O.D 51 Onm) x V 
d x  1000 x w 
Where. 	 V 	= Final volume of chlorophyll extract in 80% acetone. 
d 	= Length of light path. 
\V 	= Fresh weight of leaf tissue. 
O.D 	=- Optical density at the given wavelength. 
3.14.2. Net photosynthetic rate (PN) 
The net photosynthetic rate (Py) of in On—o regenerated plants were measured during 
different stages (0. 07. 14. 21 and 28 days) of acclimatization on fully expanded 
leaves using portable Infra Red Gas Analyser (IRGA, LI-COR 6400. Lincoln, USA) 
on the basis of' net exchange of CO, between leaf and atmosphere by enclosing the 
leaf in the leaf chamber. and monitoring the rate at which the CO, concentration 
changed over a short time intervals. The net photosynthetic rate was expressed as 
µnlol CO, nl 2s 1 . 
3.14.3. , kssessniient of antioxidant enrs mes assay 
3.14.3.1. Superoxide dismutase (SOD) 
Superoxide dismutase (Superoxide: superoxide oxidorcductase. EC 1.15.1.1) activity 
was measured as given by Dhindsa el al.. 1981 with slight moditications. 
3.14.3.1.1. Preparation of reagents 
1M Sodium bicarbonate solution 
15.9 g of sodium bicarbonate was dissolved in distilled water and the volume was 
made up to 100 ml. 
200 mM Methioninc solution 
2.98 g of methionine was dissolved in DDW and the volume was made up to 100 ml 
2.25 mM Nitroblue tetrazolium (NBT) solution 
0.184 g of NBT was dissolved in 100 nil of DDW. 
3 mM EDTA 
It was prepared by dissolving 1,116 mg EDTA in 100 ml DDW. 
60 pM Riboflavin 
It was prepared by dissolving 2.3 ing riboflavin in 100 ml of DDW. 
Extraction buffer 
0.5 M Potassium phosphate buffer (pH 7.3) 
It was prepared from 0.5 M phosphate buffer (pH 7.3). The solution of monobasic 
potassium phosphate (KH2PO1) and dibasic potassium phosphate (K2HPO4) were first 
prepared in the following manner: 
Solution A: 
3.40 g of KI I2PO4 was dissolved in DDW and the volume was made upto 50 ml. 
Solution B: 
8.70 g of K2HPO4 was dissolved in DDW and the volume was made upto 100 ml. 
To prepare the extraction buffer, solution A and B were mixed in an appropriate ratio 
and pH was adjusted to 73 with the help of a pIl meter. To 100 ml of this buffer, lg 
of polyvinylpynolidone (PVP). I nil of Triton X- 100, and 0.11 g of EDTA were 
added. 
Reaction buffer 
0.1 M Potassium phosphate buffer (pH 7.R) 
0.1 M phosphate buffer (pH 7.8) was used as extraction buffer. The solutions of 
potassium dihydrogen phosphate (KH2PO4) and dipotassium hydrogen phosphate 
(K2IIPO4) were prepared in the following mamier. 
Solution A: 
130 g of KH2PO4 was dissolved in DDW and the volume was made up to 50m1. 
Solution B: 
1.70 g of K211PO4 was dissolved in DDW and the volume was made up to 100 ml. 
Solution A and B were mixed in an appropriate ratio to adjust the pH at 7.8 with the 
help of a pH meter. To 100 ml of this buffer 1.0 g of PVP was added. 
3.14.3.1.2. Enzyme extraction and assay 
0.5g of fresh leaf samples of 0. 7, 14, 21 and 28 days old micropropagated plants, 
were homogenized in 2.0 nil of extraction buffer containing 1% polyvinylpyrrolidone 
(PVP), I % Triton X-100 and 0.11 g of EDTA using pre chilled mortar and pestle. Tire 
process of homogenization was carried out in an ice box at 4C. The homogenate was 
transferred to centrifuge tubes and centrifuged at 12000 rpm for 15 min at (C. 
Superoxide dismutasc (SOD) activity in the supernatant was assayed by its ability to 
inhibit the photochemical reduction of nitroblue tetrazolium. The assay mixture, 
consisting of 1.5 nil reaction buffer, 0.2 ml of methionine, 0.1 ml enzyme extract with 
equal amount of IM Na,HCO3, 2.25 mM NBT solution, 3 mM ROTA, 60 µM 
riboflavin and 1.0 ml of DDW, was taken in test tubes which were incubated under 
the light of 15W fluorescent lamp for 10 niln at 25/28C. Blank A containing all the 
above substances of the reaction mixture, along with the enzyme extract, was placed 
in light for 10 min and then under dark conditions. Blank B containing all the above 
substances of reaction mixture except enzyme extract was placed in light along with 
the sample. The reaction was terminated by switching off the light, and the tubes were 
covered with a black cloth. The non-irradiated reaction mixture containing enzyme 
extract did not develop light blue colour. Absorbance of samples alongwith blank R 
was read at 560 nm against the blank A. The difference of percent reduction in the 
colour between blank B and the sample was then calculated. The enzyme activity was 
expressed in Enzyme Units (EU) mg ~ protein. 
3.14.3.2. Catalase (CAT) 
Catalase (H202: H2O2 oxidoreductase; EC 1.11.1.6) activity in the leaves was 
deteimined by the method of Aebi (1984) with slight modifications. 
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3.14.3.2.1. Preparation of reagents 
3mM H2O2 
0.lml of 1-I202 was mixed with 9.9 ml of DDW. 
3mM EDTA 
1.1 16 mg was dissolved in DDW and the volume was made up to 100 ml. 
Extraction buffer 
0.5 M Potassium Phosphate Buffer (pH 7.3) 
Solution A: 
3.40 g of KH2PO4 was dissolved in DOW and the volume was made up to 50 ml. 
Solution B: 
8.70 g of K2HPO4 was dissolved in DDW and the volume was made up to 100 ml. 
Solution A and B were mixed in an appropriate ratio and pH was adjusted to 7.3 with 
the help of a pH meter. To 100 ml of this buffer, 1.0 g PVP, 1.0 ml 'Triton X-100 and 
0.11 g of EDTA were added. 
Reaction buffer 
0.5 M/0.25 M Phosphate buffer (pH 7.2/7.0) 
Solution A: 
3.40 /1.70 g of KH2PO4 was dissolved in DDW and the volume was made upto 
50 ml. 
Solution B; 
8.70/4.35 g of K2HPOa was dissolved in DDW and the volume was made upto 
100 ml. 
Solution A and B were in an appropriate ratio and pH was adjusted to 7.2/7.0 with the 
help of a pH meter. 
3.14.3.2.2. Enzyme extraction and assay 
0.5g of fresh leaf samples of 0, 7, 14, 21 and 28 days old micropropagated plants, was 
homogenized in 5 ml of extraction buffer containing 1% polyvinylpyrrolidone (PVP), 
1% Triton X-100 and 0.11 g EDTA using pre chilled mortar and pestle. The process 
of homogenization was carried out in an ice box at 4C. The supernatant was used 
immediately for enzyme assay. 
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Catalase activity was determined by monitoring the disappearance of H,O2 by 
measuring a decrease in absorbance at 240 am. Reaction was carried in a final volume 
of 2 ml of reaction mixture containing reaction buffer with 0.1 ml 3 mM Ell'1'A, 0.1 
nil of enzyme extract and 0.1 ml of 3 mM H202. The reaction was allowed to run for 5 
min. Activity was calculated by using Extinction coefficient (e) 0.036 mM' cm " and 
expressed in enzyme Units (EU) mgt protein. One unit of enzyme determines the 
amount necessary to decompose I tonal of H,02 per min at 25 C. 
3.14.3.3. Ascorbate peroxidase (APX) 
Ascorbate peroxidase (L- ascorbate: H202 oxidoreduetase; EC 1.11.1.11) activity was 
determined by the method used by Nakano and Asada (1981). 
3.14.3.3.1. Preparation of reagents 
0.5 mM Ascurbate 
44 mg of L-ascorbate was dissolved in DDW and the volume was made up to 100 ml. 
0.3% (vlv) H202 
I ml of 30% H202 was mixed with 99 nil of DOW. 
Extraction buffer 
100 mM Potassium phosphate buffer (pH 7.8) 
Solution A: 1.36 g KH2PO4 was dissolved in DDW and was made up to 100 ml. 
Solution B: 1.74 g of K2l1PO4 was dissolved in DDW and the volume was made up 
to 100 ml. 
To prepare the extraction buffer, the two solutions A and B were mixed together in an 
appropriate amount and pIl was adjusted to 7.0 with the help of a pH meter. To 100 
ml of this buffer. 1.0 g of PVP. l.0 ml Triton X-100 and 0.11 g of EDTA were added. 
Reaction buffer 
50 mM Sodium phosphate buffer (pH 7.2) 
Solution A: 1.142 g of NaH2PO4 was dissolved in DDW and the volume was made 
upto 100 ml. 
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Solution B: 0.707 g of Na2IIPO4 was dissolved in DDW and the volume was made up 
to 100 ml. 
The buffer (pH 7.2) was prepared by mixing these two, A and R solutions in an 
appropriate ratio and p11 was adjusted to 7.2 with the help of a pH meter. 
3.14.3.3.2. Euzyme extraction and assay 
0.5g fresh leaf samples of 0, 7, 14, 21 and 28 days old micropropagated plants, was 
ground in 4 ml of extraction buffer containing 1% polyvinylpyrrolidone, 1% Triton 
X-100 and 0.1 I g of EDTA. 
Ascorbate peroxidase activity (APX) was determined by the decrease in absorbance 
of ascorbate at 290 am, due to its enzymatic breakdown. 1.0 ml of the reaction buffer, 
0.1 ml of 0.3% U201, 0.1 ml of 0.5 mM ascorhate, 0.1 ml of 0.5 mM EDTA and 100 
µl enzyme extract was used. The reaction was allowed to run for 5 min at 25C. APX 
activity was calculated by using its Extinction Coefficient (r.) 2.8 m1V1-t cni' and 
expressed in Enzyme Units (EU) mg'] protein. One unit of enzyme determines the 
amount necessary to decompose I Imro1 of substrate consumed per min at 25°C. 
3.14.3.4. Glutathione reductase (GR) 
Glutathione reductase (NADPH: glutathione-disulphide oxidoreductase, EC 1.6.4.2) 
activity was determined by the method of Foyer and Halliwcll (1976) as modified by 
Rao (1992). 
3.14.3.4.1. Preparation of reagents 
Extraction buffer 
100 mM Potassium phosphate buffer (pH 7.0) 
Solution A: 1.36 g KI-I2PO1 was dissolved in DDW and was made up to 100 ml. 
Solution B: I .74 g of K2HPO4 was dissolved in DDW and the volume was made up 
to 100 ml. 
To prepare the extraction buffer, the two solutions A and B were mixed together in an 
appropriate amount and pH was adjusted to 7.0 with the help of a pll meter. To 100 
ml of this buffer, 1.0 g of PV I', 1.0 ml friton X-100 and 0.11 g of EDTA were added. 
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Reaction buffer (0.25 M/ 0.1 M Iris-buffer) 
0.2 mM NADPH 
2 mg of NADPH was dissolved in 10 ml of DDW 
0.5 mM oxidized glutathione (GSSG) 
4 mg of GSSG was dissolved in 13 ml of DDW. 
3.14.3.4.2. Enzyme extraction and assay 
0.5g fresh leaf samples of 0, 7, 14, 21 and 28 days old micropropagated plants, was 
homogenized in 2 ml of extraction buffer containing 1% polyvinylpyrolidone (PVP), 
1% Triton X-100 and 0.11g of EDTA in a pre-chilled mortar and pestle. [ he process 
of homogenization was carried out in an ice box at 4C. The hotnogenatc was 
centrifuged at 12000 rpm for 15 min. at 4'C. The supernatant was collected and used 
for the enzyme assay. GR activity was determined by monitoring the glutathione-
dependent oxidation of NADPH at its absorption maxima of the wavelength 340 imt. 
The reaction mixture was prepared by adding 1.0 ml reaction buffer (0.2 mM 
NADPH, 0.5 mM (JSSG) and 0.1 ml enzyme extract, the reaction was allowed to run 
for 5 min at 25 C. Corrections were made for any GSSG oxidation in the absence of 
NADPH. The activity was calculated by using its Extinction Coefficient (r.) 6.2 mM-  
'ern f' and expressed in Enzymes Units (EU) mg I protein. One unlit of enzyme 
determines the amount necessary to decompose I µcool of NADPH per min at 25`C. 
3.14.3.5. Soluble protein 
The total soluble protein content of the leaves of regenerants was estimated following 
the method of Bradford (1976) using bovine serum albumin (BSA, Sigma, LISA) as 
standard 
3.14.3.5.1. Preparation of reagents 
10% (wlv) TCA 
10 g of TCA was dissolved in DDW to a final volume of 100 ml. 
O.1N NaOH solution 
0.4 g of NaOH pellets was dissolved in DDW to make a final volume of 100 ml 
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Bradford's reagent 
50 nil of 90% ethanol was mixed to 100 nil of orthophosphoric acid (85%). Its volume 
was made up to I L and 100 mg of Coomassie Brillian Blue ((1) dye was added to it 
which was stirred well on a magnetic stirrer in dark covered volumetric flask. The 
solution was then filtered through Whatman filter paper Number-1 and stored in dark 
conditions. Resultant reagent was called Bradford's reagent. The final concentration 
of components in the reagent were 0.01% Coomassie Brillian Blue G-250 (w/v). 
4.75% ethanol (wv'v) and 8.5% 0-phosphoric acid (w/v). 
Extraction buffer 
0.1 NI Phosphate buffer (p1I 7.2) was used as extraction buffer. The solution of 
potassium dihydrogen phosphate (KI-I,PO4) and dipotassium hydrogen phosphate 
(K I-IPO.a) was prepared in the following manner: 
Solution A: 1.30 g of KI12PO4 was dissolved in DDW and the volume was made to 
100 m1. 
Solution B: 1.70 g K2fIP0:1 was dissolved in DDW and the volume was made to 100 
ml. 
Solution A and B were mixed in an appropriate ratio to adjust the pH at 7.2 with the 
help of a pH meter. 1.0 g PVP was added to 100 nil of this buffer. 
3.14.3.5.2. Extraction and estimation of total soluble protein 
0.5g of fresh leaf material was homogenized in 5 nil of 0.1 N1 phosphate huffier 
(extraction buffer) at 4 C with the help of a pre-chilled mortar and pestle. and kept in 
an ice box during the process of homogenization. The homogenate was transferred to 
a 30 nil centrifuge tube and centrifuged at 5000 rpm for 10 min at 4 C. An equal 
amount of chilled 10% TCA was added to 1 ml of the supernatant, which was again 
centrifuged at 3300 rpm for 10 min. The supernatant was discarded and the pellets 
were washed with acetone. It was dissolved in I nil of 0.1 N NaOl-I. 
To 0.1 nil of aliquot. 0.5 nil of Bradford's reagent was added and mixed using vortex 
mixer. The tubes were kept for 10 min for optimal colour development. The 
absorbance was then recorded at 595 nm on a UV-visible spectrophotometer. rile 
soluble protein concentrations were quantified with the help of a standard curve 
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prepared from the standard of Bovine Albumin Serum (13SA) from Sigma, USA. The 
protein content was expressed in ing g " fresh weight. 
3.14.4. Estimation of lipid peroxidation 
I'hioharbituric acid reactive substances ('I'I3ARS) [expressed as equivalents of 
malondialdehvde (`11)A)] content was determined using a modified protocol of 
Cakmak and Horst (1)91). 
3.14.4.1. Procedure and estimation 
Approximately 0.5 g leaf tissue was homogenized with 5.0 ml 0.1% trichloroacetic 
acid (ICA). and centrifuged in a high speed refrigerated centrifuge (Compufuge CPR-
30. Remi. Bangalore. India) at 15,000 rpm for 5 min. Then. 1 ml aliquote of the 
supernatant vyas mixed with 4 ml 0.5% (w/v) thioharbituric acid ('I'BA), prepared in 
20% (w %) TCA, and incubated in boiling water for 30 min. Thereafter. it was 
immediately cooled on ice to stop the reaction, and centrifuged at 12,00O rpm for 30 
min. 
The supernatant was placed in a UV-VIS spectrophotometer (LJV-1700 PharmaSpec) 
to determine the absorbance at 532 nm and corrected tier non-specific turbidity by 
subtracting its absorbance at 600 nm. 'I BARS content was determined as follows; 
TBARS content (nmol g' fresh weight) _ (A532-A600) v x 1.000/r xW 
Where: 
c = specific extinction coefficient (155 mh•1 1 cm"). 
V= volume of the extraction medium. 
NV= fresh weight of leaf 
A600= absorbance at 600 nm 
A532= absorbance at 532 nm 
3.14.5. Estimation of 11,0, content 
3.1 3.5.1. Procedure 
I I,O, content was measured after reaction with potassium iodide. Leaf tissue (0.5 g) 
was homogenised in 0.1% (m') trichloroacetic acid (TCA) and centrifuged at 14,000 
rpm and the homogenate was used for the determination of 1-120, content by the 
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method of Alexieva etal., (2001).'1'he supernatant (05 nil) was mixed with 0.5 ml of 
100 mM K-phosphate buffer (pH 7.8), and 2 ml reagent (1 M KI in fresh double-
distilled water 1T20). After 1 h in darkness, the absorbance was measured at 390 rim. 
The blank probe consisted of 0.1% TCA in the absence of leaf extract. The amount of 
hydrogen peroxide was calculated using a standard curve prepared with known 
concentrations of 11202. 
3.15. Anatomical studies of nodal and somatic entbrvos 
3.15.1. Fixation and storage of plant material 
The differentiating explants were fixed in FAA solution consisting of Formalin: 
Glacial acetic acid: Alcohol (70%) in the ratio of 4:6:90 (v/v). The fixed samples were 
stored in 70 % alcohol. 
3.15.2. Embedding, sectioning and staining 
Standard method of paraffin embedding (Johansen, 1940) was followed for 
histological studies. Ethanol-xylol series was used for dehydration and infiltration. 
For complete infiltration of plant material to be sectioned, were kept in a vacuum 
oven at 60'C for 15 ntin. Sections (longitudinal and transverse) of 10 pM thickness 
were cut using a Spencer 820 microtome (American Optical Corp. Buffalo, New 
York) and resulting paraffin ribbons were passed through a series of deparafinizing 
solutions and stained in safaranin and fast green solutions. Permanent slides were 
made by using Canada balsam. The sections were examined under a light microscope 
(Olympus CH2Oi, Japan). 
3.16. Scanning electron microscopy (SEM) for the study of embryugenesis 
Scanning electron microscopy (SEM) was performed using the method as described 
by Vasil and Vasil (1984). Fmbryogenic tissue samples for SFM were fixed in 2.5% 
glutaraldehyde in 0.1 M phosphate buffer (pH 7.0) for 4 It at 4`C, dehydrated through 
a graded ethanol series (50%. 70%. 90%, 100%) sequentially for 30 minutes each 
with 2 changes. Then the tissue were passed through a sequential series of absolute 
alcohol and isoamyl alcohol (3:1, 2:2, 1:3) with 30 min in each. Finally, tissues were 
kept in isoamyl alcohol for 30 min. The tissue was then dried in a critical point dryer 
(HCP-2, Hitachi) and coated with gold and paladium in an ion coated (IB-2. Giko 
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Engineering Co. Japan). The samples were examined under a scanning electron 
microscope JSM 6510LV- JE01, SEM and photographs were taken at different 
magnifications. 
3.17. Genomic DNA isolation and purification 
Genomic DNA was extracted from fresh leaf tissues of the selected micropropagated 
plants derived from mature nodal explants of donor plant and the mother plant using 
cetyltrimethylammonium bromide (CTAB) method (Doyle and Doyle. 1990) with 
slight modification. 
3.17.1. Preparation of stock solutions required for DNA extraction 
100 ml IM Tris- HCl (pI1= 8.0) 
For preparing 100 ml of I M Tris-HCI solution, 15.76 g Tris-FICI (Sigma, USA) was 
dissolved in 80 ml of DDW. '[he pH of the solution was adjusted to 8.0 by drop wise 
addition of concentrated HCI (Qualigens, India). After pH adjustment, the final 
volume of the solution was made to 100 ml with DDW. 
100 ml 0.5 M EDTA (pH = 8.0) 
For preparing 100 in of OSM EDTA solution, 14.6 g EDTA (Sigma, USA) was 
dissolved first in 50 ml of DDW. The p1l of the solution was adjusted to 8.0 by 
addition of NaOH pellets (Qualigens, India). After pH adjustment, the final volume of 
the solution was made to 100 ml with DDW. 
5M-NaCI solution 
For preparing 100 ml of 5M NaCI solution, 29.22 g NaCI (Sigma, USA) was 
dissolved in 100 nil ofDDW. 
2.5% CTAB solution 
For preparing 100 ml 01 2.5% CTAB solution, 2.5 g of CTAB (Sigma, USA) was 
dissolved in 100 ml of DDW. 
CTAB DNA extraction buffer 
CTAB (Sigma, USA) extraction buffer was prepared by adding the stock solution 
reagents in desired amount in a sterilized flask as mentioned below: 
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Composition for 10 ml extraction buffer 
1.0 ml IM Tris- HCI (pH=8.0), 3.0 ml 5M NaCI, 500 Id 0.5M EDTA (pH=8.0), 
1.25 ml 2.5% CTAB, 4.23 ml mQ water 
IL buffer (10 ml) 
This is composed of the following chemicals: 
IM Tris-IICI (500 µl) 
0.5M EDTA (200 Id) 
mQ Water (9.3 ml) 
3.17.2. DNA extraction and purification protocol 
For the extraction of genomic DNA, Ig of fresh leaf tissues was freezed using liquid 
nitrogen avoiding thawing of samples. Frozen samples were ground thoroughly into 
fine powder in a chilled mortar and pestle. After complete homogenization of plant 
materials. 3 nil CTAB extraction buffer was added (containing 1.0% (w/v) PVP and 
0.2% (v/v) p-mercaptoelhanol) and the samples were homogenized again into a fine 
paste, The resultant mixture was then transferr ed to a non-reactive polypropylene 
centrifuge tubes (15 ml) and incubated in a fixed temperature water bath at 65 C for 
lh with occasional inversions after every 20 min. After incubation, equal volume of 
chloroform : isoamylalcohnl (24:1) was added to avoid any protein contamination, 
debris and interphase material. The solutions mixed thoroughly and centrifuged at 
15000 rpm at 4°C for 10 min_ 
The supernatant was collected and transferred to eppendroff tube containing 170 Itl 
5M sodium chloride solution and double volume of chilled isopropanol (Qualigens, 
India). The resultant solution was mixed well by inversion f'or 3-5 times and kept in - 
20°C for 30 min. White fluffy DNA strands appeared in the eppendrofi tubes which 
were recovered by centrifugation at 10,000 rpm for 10 inin at 4°C. The supernatant 
was discarded and the white pellet at the bottom of eppendroff was air-dried properly. 
The pellet was dissolved in 300 µl TE buffer and incubated at 4°C for 30 min. 3 of 
RNAsc was added to the dissolved pellet and incubated for 30 min at 37°C to degrade 
the RNA from the genomic DNA. Neatly, 25 µl Sodium acetate and 600 Id ethanol 
was added in the dissolved pellet and again incubated for 30 min at 20°C. The 
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dissolved pellet was centrifuged at 10,000 rpm for 10 min at 4°C. The supernatant 
was discarded and pellet was air dried and finally dissolved in 100 ld ntQ water. 
3.17.3. Quantitative and qualitative assessment of genomic DNA 
3.17.3.1. Quantification 
Isolated gcnontic DNA was quantified using nanophotorneter (Implen). The optical 
density (absorbance A) was measured at 260 nm (A260) and 280 nm (A280). The 
quantity of DNA present in solution was calculated from absorption at 260 nm (A260) 
and the purity of DNA was calculated from A260/ A280 ratio. For an ideal 
preparation the A260/ A280 ratio should be ? 1.8 (Sambrook el al. 2001). 
3.173.2. Quality analysis 
The quality of the extracted DNA was tested by running the DNA in 1% agarose gel. 
3.17.3.2,1. Solutions for agarose gel electrophoresis 
* Running buffer (1X TBE) 
To prepare 500 ml of 5X TBE stock solution, 27 g Tris base (Sigma, USA). 10 ml of 
0.5 M EDTA (Sigma, USA) and 13.7 g Boric acid were dissolved in 250 ml of DDW. 
The pH of the solution was adjusted to 8.0 with the drop wise addition of concentrated 
HCl and the final volume was made to 500 ml with DDW. During gel electrophoresis, 
5X TBE buffer was diluted with DDW to obtain 1X TBE buffer (working 
concentration) before running the gel. 
*Gel loading dye (6X) 
To prepare 25 nil of gel loading dye (6X), 30 mg bromophcnol blue dye (Sigma, 
USA) was mixed with 9.36 ml of 80% glycerol (Qualigens. India), 30 mg xylene 
cyanol (Merck) and 300 µl EDTA (0.5M). the final volume was made with 15.34 ml 
sterile DDW and the solution was vortexed briefly and stored at room temperature. 
During loading of DNA gel loading butler was diluted to IX with addition of IX 
TBE. 
*Gel staining dye 
10 mg pack of ethidium bromide (0.5 µg) was dissolved in I ml sterile triple DW. The 
solution was mixed and vortexed thoroughly. The solution was stored at room 
temperature and used for staining the DNA gel at a working concentration of 0.5 
pg/ml (Sambrook eral.. 2001). 
3.17.3.2.2. Agarose gel electrophoresis 
The extracted genomic DNA was analyzed for its quality and integrity by running in 
1% agarose gel in IX TBE buffer system. For gel casting. I g agarose was added in 
100 ml 1X TBE buffer solution. The agarose solution was warmed and allowed to 
melt resulting in a clear solution and the gel casting tray was scaled with adhesive 
tape and properly placed in a horizontal gel casting table. When the agarose solution 
cooled down to about 60°C, 4 ld ethidium bromide was added, poured carefully into 
the gel tray, immediately placing the comb, avoiding any air bubble. The gel was 
allowed to solidify for 45 min. After solidification, the comb and seal tape was 
carefully removed and the gel was placed immersed in the gel trough with proper 
orientation with respect to cathode and anode and immersed with sufficient IX TBB 
buffer. 
For electrophoresis of DNA sample, 5 µl DNA was mixed with 5 pl gel loading dye 
on a parafilm paper and loaded onto each well. The gel was allowed to run at a 
constant voltage of 60 V (5V/em distance between electrodes) for 1.2 h till the 
tracking dye reaches middle of the gel. Photographs of gel were taken using Gel Doc 
system (BioRad, Hercules, USA). 
3.18. PCR amplitcalion of DNA using RAM ISSR primers 
A set of thirteen ISSR (IJRC, Vancouver, RC, Canada) primers and two set of RAPD 
primer (20, OPB and 20. GPC) kits were used for initial screening. The details on the 
sequence of all the primers are given below (Table 7 and 8): 
3.18.1 PCR amplification 
All the PCR amplification reactions were performed in Biometra PCR system. 
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PCR reaction for RAPD/ISSR assay was carried out using amplification reagents 
(Fermentas, (ienetix Biotech, Asia Pvt. I td. New Delhi. India) listed below: 
A. l OX PCR Buffer 
B. 10 mM dNTPs Mix 
C. 25 mM MgCl2 solution 
D. 5 U/µl Taq DNA polymerase 
E. 15 ng of ISSR/ RAPD primers (Genei, Banglore, India) 
3.18.2. RAPD/ ISSR- PCR with genomic DNA 
PCR amplifications were carried out in a total volume of 30 111 containing 5 µl (20 ng) 
genontic DNA. the reaction buffer consisted of 3 Id of l OX buffer, 0.75 pl MgCh (25 
mM), 0.75 µl dNTPs (10 mM each of dATP, dGTP, dTTP and dCTP), 1.5 µl primers, 
0.15 ld Taq DNA polymerase and 18.85 Id double distilled DNA free water. DNA 
amplification program consisted of cycles starting with step one at 94°C for 5 min 
followed by 30 see at same 94°C, 42°C for 30 sec, 72°C for I min followed by 35 
repeated cycles and final extension at 72°C for 5 min and finally at 4°C till use. 
3.18.3. Analysis of PCR products by agarose gel electrophoresis 
The PCR amplified products of Althaea officinalis were resolved by electrophoresis 
on 1.5% agarose gel in THE buffer stained with 0.5 pg/ml of ethidium bromide 
solution for 3 It at 50V. DNA fingerprints were visualized under UV light and 
photographed using gel documenting system (BioRad, Hercules, USA). RAPD/ISSR-
PCR analysis using primer was repeated thrice to evaluate the banding pattern of the 
DNA samples. 
3.18.4. Data scoring and analysis 
Only distinct, reproducible and well-resolved fragments ranging from 564 bp to 
21226 bp were considered in the analysis. These bands were scored either as present 
(1) or absent (0) for each of the RAPD and ISSR markers within the 10 plants. 
Electrophoretic DNA bands of low visual intensity that could not be readily 
distinguished as present or absent were considered ambiguous markers and were not 
scored. The size of the amplification products was estimated using a ladder DNA 
marker (New England Biolabs, 50n/µl, I kb). 
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Table 7: List of different UBC primers 
S. No. Name of Primers Primer sequence (5'-3') 
1.  UBC 801 ATATATATATATATATT 
2.  UBC 811 GAGAGAGAGAGAGAGAC 
3.  UBC 825 ACACACACACACACACT 
4.  UBC 827 ACACACACACACACACG 
5.  UBC 834 AGAGAGAGAGAGAGAGYT 
6.  UBC 841 GAGAGAGAGAGAGAGAYC 
7.  UBC 855 ACACACACACACACACYT 
8.  UBC 866 CTCC'PCC"I'CCTCCTCCTC 
9.  UBC 868 GAAGAAGAAGAAGAAGAA 
10.  UBC 880 GGGTGGGGTGGGGTG 
11.  UBC 889 DBDACACACACACACAC 
12.  UBC 891 HVHTGTGTGTGiUI'GTG 
13.  UBC 900 ACTTCCCCACAGGTTAACACA 
Where,Y=((', IT). E3=(C,G,T) (i.e., not A), D= (A,G,T) (i.e., not C), H=(A,C.T) (i.e., 
not G) 	V =(A.C,G) (i.e., not T) 
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Table 8: Randomly amplified polymorphic DNA primers (RAP!)) used to screen 
micropropagatcd plantlets 
S. Nu. Kit B Kit C 
Primers 	Sequence (5'-3') Primers Sequence (5'-3') 
1. 	OPB01 GTTTCGCI'CG OPCOI TTCGAGCCAG 
2. OP1302 TGATCCCTGG OPCO2 GTGAGGCGTC 
3. OPBO3 CATCCCCCTG OPC03 GGGGGTCTTT 
4. OPB04 	GGACTGGAGT OPC04 	CCGCATCTAC 
5. 	OPBO5 	TGCGCCCTTC OPCO5 	GATGACCOCC 
OPCO6 	GAACGGACTC 6. OP306 IGC'1'C1CicCC 
7. 
8, 
OPB07 
OPR08 
GGTGACGCAG OPC07 GTCCCGACGA 
GTCCACACGG OPCOS TGGACCGGTG 
9. OPBO9 TGGGGGACTC OPCO9 CTCACCGTCC 
10. OPBlO 	CTGCTGGGAC OPCIO 	TG1'CTGGGI'G 
11. OPBII 	GTAGACCCGT OPCII 	AAAGCTGCGG 
OPC12 	TGTCATCCCC 12. OPB12 CCTTGACGCA 
13. OPB13 TTCCCCCGC1 OPC13 AAGCCICGTC 
14. OPB14 TCCGCTCTGG 0PC14 TGCGTC7"CG 
15. OPB15 GGAGGGTGTT OPC15 GACGGATCAG 
16. OPB16 TTTGCCCGGA OPCI6 CACACTCCAG 
17. OPB17 AGGGAACGAG OPC17 	TTCCCCCCAG 
18, OPB18 CCACAGCGT OPC18 	TGAGTGGGTG 
19. OPB19 	ACCCCCGAAG OPCl9 GTTGCCAGCC 
20 	OPB20 	GGACCCTTAC OPC20 	AC1'TCGCCC 
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3.19. Chemicals and glasswares used 
Most of the chemicals likes ( BSA. EDTA, GR, GSH. GSSG, PVP. Triton X-100, 
NBT, H202. methioninc, 'PCA, NADH. riboflavin), vitamins (Thiamine HCI, 
Pyridoxine IICI, Nicotinic acid, Myo-inositol and Glycine) and plant growth 
regulators (BA, Kn. 2-iP, TDZ. CAA, IRA, NAA) etc. were obtained from sigma 
Aldrich Pvt, Ltd., New Delhi, India and/or from Sigma-Aldrich (St. Louis Me, USA). 
Other major and minor salts, buffer components were procured from qualigens. 
MERCK and/or SRL. All chemicals used were of analytical grade. Glasswares, such 
as, culture tubes (25 x 150 mm) petri-dishes (17 x 100 mm), wide mouth flasks (100 
ml and 250 ml) used during the experiment were procured from Borosil. India. 
3.20. Statistical analysis 
All experiments were repeated thrice. Completely Randomized Design (RBD) was 
used to test the effects of different concentrations of cytokinins and auxins. Data were 
analyzed statistically using One Way Analysis of Variance (ANOVA). The 
significance of differences among means were established by Duncan's Multiple 
Range Test (DMRT) at P=005 using SPSS Ver. 16 (SPSS Inc., Chicago, USA). The 
results are expressed as mean ± SE of three experiments. 
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Chapter 4: RESULTS 
4.1. Direct shoot regeneration 
4.1.1 Establishment of aseptic seedlings 
Mature seeds (Fig. 5B) were object of quite strong interest as an initial plant material 
for in vitro cultures. Among the different strength of MS basal medium tested, 
considerably higher germination (95.3%) with the formation of healthy seedlings was 
achieved when seeds were cultured on '/1 MS after 4 weeks, while a very low 
germination (25%) was noticed in'/. MS medium (Fig. 6). The germinated seeds were 
then employed as a source of cotyledonary nodes (CN) and nodal (AN) explants for 
further experiments. 
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Fig- 6: Effect of different strengths or MS medium on seeds germination after 4 
weeks of incubation. Bars represent means t SE. Bars denoted by the 
same letter within response variables are not significantly different 
(P=0.05) using DMRT. 
4.1.2. Regeneration from cotyledonary node (('N) explants excised from fifteen 
days old aseptic seedlings 
Cotyledonary nodes excised from 15 days old aseptic seedlings were used as explants 
(Fig. 7A). 
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4.1.2.1. Effect of cytokinins 
Regeneration potential of cotyledonary node (CN) explants (Fig.7A) was explored on 
MS medium supplemented with different concentrations of BA. Kn and 2-iP (0.5, 2.5. 
5.0. 7.5 and 10.0 µM). CN explants cultured onto a growth regulator free MS medium 
failed to induce shoots even after 4 weeks of incubation. The concentration and type 
of cytokinins used significantly affected the percentage of shoot regeneration. shoot 
number and shoot length after 4 weeks of culture. The explants grown on different 
concentrations of BA. Kn and 2-iP initially responded with the enlargement and 
swelling of the CN explants and induced multiple shoots within 2 weeks of 
incubation. Among the different cytokinins tested, BA was found to be most effective 
as compared to Kn and 2-iP and significant differences were observed on percent 
response, number of shoot and shoot length. BA at 7.5 pM exhibited the highest shoot 
regeneration frequency (83.4%), optimum number (8.6 ± 0.05) of shoots per explant 
and shoot length (2.8 + 0.05 cm) after 4 weeks of' culture (Fig. 7B). At the same 
concentration. Kn (7.5 µM) produced 6.0 ± 0.31 shoots per explant with shoot length 
(2.5 ± 0.04 cm) in 59.4% cultures (Fig. 7C). while 52.0% explants formed 3.8 ± 0.58 
shoots on MS medium augmented with 7.5 laM 2-iP (Fig. 7D). Increased levels of 
each cytokinin beyond the optimum concentration (7.5 µM) decreased the shoot 
numbers and regeneration frequency (Table 9). 
4.1.2.2. Synergistic effect of cytokinins and auxins 
To assess the synergistic effect of auxins and cytokinins on maximum shoot 
proliferation from CN explants. optimal concentration of each cytokinin (BA. Kn or 
2-iP) was combined with different levels of auxins (IBA, IAA or NAA) and the 
morphogenetic responses are summarized in table 10. 11 and 12. Addition of NAA 
showed a better enhanced rate of proliferation than addition of IAA or IBA. 
Moreover, the low concentration of auxins (0.5 µM) with an optimal concentration 
(7.5 µM) of each cytokinin in the medium increased the shoots production as 
compared to the single cytokinin treatment. The best response was obtained on MS 
medium supplemented with BA (7.5 µM) and NAA (0.5 µM) resulting in the 
production of 24.2 ± 0.37 shoots per explant of shoot length 4.5 ± 0.05 cm after 8 
weeks of incubation in 90.0% cultures (Fig. 8A, Table 10), while, other combinations 
of BA (7.5 µM) + IBA (0.5 µM) and BA (7.5 µM) + IAA (0.5 µM) produced only 
18.1 ± 0.30 and 12.4 ± 0.50 shoots per explant in 69.5% and 64.6% cultures 
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Fig. 5 (A) Branch of mature plant, (B) Mature seeds of A. officinalis, 
(C & D) Aseptic seedlings on '/2 MS basal medium after 15 days of 
culture. IBar = 1 inch for A; 1 cm for B, C, DI. 
respectively after 8 weeks of culture ('Table 10). The combination (BA + NAA) was 
considered to be the optimal for maximum shoot production among all the 
combination tested. The persent response and number oi' shoots increased with an 
increased concentration on \AA upto an optimal level (0.5 µM). whereas a gradual 
decrease in number of shoots per explant was observed on higher concentrations (1 .0, 
1.5 t\1) of NAA. Number of shoots enhanced within 3 weeks of incubation and 
further multiplication was observed when subcultured onto the same fresh medium. 
On the other hand. optimal concentration of Kn (7.5 1tM) with 0.5 .tM NAA produced 
16.00 = 0.63 shoots per explants with shoot length 3.2 ± 0.10 cm in 70.2% cultures 
(Fig. 813) and supplementation of 2-iP (7.5 1ti-1) with NAA (0.5 µN1) formed 8.4 
0.50 shoots per explant with 2.8 ± 0.03 cm shoot length in 58.0% culture after 8 
weeks (Fig. 8C). In case of Kn (7.5 µM) along with IBA (0.5 µ1r1) or IAA (0.5 µM) 
induced 64.8% regeneration frequency forming 12.0 ± 0.70 shoots and 58.4% 
regeneration frequency with 10.2 * 0.37 shoots respectively (Table 11). Whilst, 2-iP 
(7.5 pM) - WA (0.5 µM) amended medium produced 6.8 ± 0.37 shoots in 52.4% 
cultures and 2iP (7.5 µi-1) + IAA (0.5 µ!i•1) formed 5.4 -: 0.50 shoots in 49.0% culture 
after 8 weeks ('Table 12). However, the synergistic effect of auxins with 2-iP was 
found to be the less effective than that of 13A and Kn. 
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Table 9: Effect of different cytokinins on multiple shoot induction from 
cotyledonary node explants derived from aseptic seedlings after 4 
weeks of culture 
Cvtokinins (pNl) 	 'y0  Response 	Mean no. of 	Mean shoot 
BA 	Kn 	2-iP 	 shoots/explant 	length (cm) 
0.5 - - 47.0± 1.04 2.00.31'''' 1.1 ±0.04' 
2.5 - - 58.0 	1.15 4.6 i 0.50`' 1.3 ± 0.06' 
5.0 - - 65.4±0.87 6.4f0.40' 2.l±0.03` 
7.5 - - 83.4±0.81 8.6±0.50" 2.8±0.05`' 
10.0 - - 49.8±0.37 5.6±0.50' 1.8=0.03d 
0.5 - 40.8±0.37 1.2±0.37' 1.l±0.06" 
- 2.5 - 49.0 	0.70 2.4 ± 0.50'" 1.5 + 0.05" 
- 5.0 - 55.0 	1.18 4.0i0.31de 1.7f0.07d` 
- 7.5 - 59.4 ± 0.40 6.0±0.31' 2.5 
- 10.0 - 45.6 ± 0.50 2.8±0.58`"' 1.4± 0.05'` 
_ 0.5 31.0+0.44 12±0.20'' 0.8:0.03' 
- 2.5 41.4±0.50 1.4 	0.24°h  
- - 5.0 44.6 ± 0.50 3.2 ± 0.66 +`  1.6 t 0.05c1  
- - 7.5 52.0 f 1.00 3.8 t 0.58 x`` ' 2.0 ± 0.05c 
- - 10.0 40.0 	0.70 1.8t0.37   1.8 	0.05d 
Values represent means ± SE. Means followed by the same letter within columns are 
not significantly different (P=0.0.5) using Duncan's multiple range test. 
C 
Fig. 7 (A) cotyledonary node explant excised from 15 days old 
aseptic seedling. Production of multiple shoots on (B) MS + 7.5 µM 
BA, (C) MS + 7.5 iiM Kn, (D) MS + 7.5 pM 2-iP, (E) MS + 0.8 pM 
TDZ after 4 weeks of culture. (Bar = 1 mm for A; 1 cm for B, C, D, 
E1. 
Table 10: Effect of auxins at different concentrations with an optimal 
concentration of BA (7.5 }t %1) in NIS medium on shoot 
multiplication from cotyledonary node explants derived from 
aseptic seedlings after 8 Weeks of culture 
:auxins (µ`i) 
IAA 	113.- 	`AA 
'%o Response \lean no. of shoots/explant 
Mean shoot 
length (cm) 
0.12 	- - 50.0±3.53' 7.40.50' 1.8±0.03' 
0.25 	- - 57.0 	2.00 9.0 ± 0.31" 2.1 ± 0.05' 
0.5 	- - 64.6± 1.91'` 12.4±0.50'' 2.8±0.03` 
1.0 	- - 53.0 	1.22'x' 11.0± 0.44"h 2.7 ± 0.13` 
1.5 	- - 42.6 	2.78' 10.2 	0.4811 ' 2.0±0.041„ 
- 	0.12 - 55.0±2.2)"' 8.2±0.37 2.3±0.049 
- 	0.25 - 58.8± 1.85''° 11.2±0.37" 2.5±0.04 
- 	1.5 - 69.5 ± 1.20' 18.1 f 0.30` 3.1 f 0.08` 
- 	1.0 - 652±1.46d` 16.2±0.20" 3.0±0.03' 
- 	1.5 - 61.0 ± 1.00 t` 13.8 	0.58`' 2.1 ± 0.06'x' 
- 	- 0.12 68.6±0.97, 10.8±0.37" 2.8±0.03` 
- 	- 0.25 83.6 ± 22.73± 14.2 	0.37` 3.5 ± 0.05' 
- 	- 0.5 90.0 ± 0.54" 24.2 f 0.37 4.5 ± 0.05" 
- 	- 1.0 75.0:1.58` 20.6_- I 	0' 3.7±0.04" 
- 	- 1.5 67.2 -L 1.85" 19.4 ± 0.40± 2.1 ± 0.08g~' 
Values represent means = SE. Means followed by the same letter within columns are 
not signiticantly dif erent (P=0.05) using Duncan's multiple range test. 
Table 11: Effect of auxins at different concentrations with an optimal 
concentration of Kn (7.5 pM) in NIS medium on shoot multiplication 
from cotyledonary node explants derived from aseptic seedlings 
after 8 weeks of culture 
Auxins (µM) % Response Mean no. of Mean shoot 
IAA IRA NAA shoots/explants length (cm) 
0.12 	- 	- 42.8L 0.6V 7.2+0.37,  1.6±0.05' 
0.25 	- 	- 50.8 ± 0.48` 9.0 ± 0.70`' 1.7 ± 0.05' 
0.5 	- 	- 58.4+0.67` 10.2+0.37" 2.0+0.50` 
1.0 	- 	- 50.2+1.01` 8.0+0.63" 1.6+0.03' 
1.5 	- 	- 45.8 ± 0.37 7.0 ± 0.54° 1.2 ± 0.03` 
- 	0.12 	- 40.2±0,85h 7.8±0.37'- 1.6 ± 0.03' 
- 	0.25 	- 51.8 ± 1.15` 10.0 f 0.70d` 2.0 f 0.04e 
- 	0.5 	- 64.8 f 0.666  1201 0.70°c  2.91 0.08" 
- 	1.0 	- 55.0±031d 9.0+0.31 ,`  2.5±0.05` 
- 	1.5 	- 50.0 ± 0.70` 7.4 f 0.50rg 2.0 f o.06` 
- 	- 	0.12 50.4+050` 9.0t 0.31 t` 2.1±0.07e 
- 	- 	0.25 60.4 t 0.92` 10.6 f 0.67" 2.5 ± 0.08 d` 
- 	- 	0.5 70.2 - 0.86°  16.0 ± 0.63 3.2 ± 0.10' 
- 	- 	1.0 54.6±1.43°  13.0+0.31,  2.3 ± 0.06d 
- 	- 	1.5 47.6+0.50" 11.2=0.37 2.0=0.09` 
Values represent means 1  SE. Means followed by the same letter within columns 
are not significantly different (P=0.05) using Duncan's multiple range test. 
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Fig. 8 Multiplication and elongation from cotyledonary node explants 
on MS medium amended with (A) BA (7.5 pM) + NAA (0.5 pM), (B) 
Kn (7.5 pM) + 'AA (0.5 pM), (C) 2-iP (7.5 pM) + NAA (0.5 pM) after 8 
weeks of culture respectively, (D) Shoot multiplication on hormone free 
MS medium after 5th subculture passage, (transferred from TDZ (0.8 
pM). IBars = 1 cm J. 
Table 12: Effect of auxins at different concentrations with an optimal 
concentration of 2-il' (7.5 µdl) in `IS medium on shoot 
multiplication from cotyledonary node explants derived from 
aseptic seedlings after 8 weeks of culture 
Auxins (µ1l) 0% Response Mean no. of Mean shoot shoots/explant length (cm) IA. 	IRA NAA 
0.12 	- 	- 38.2 	0.66 3.4 	0.50 1.0 	0.U5} ' 
0.25 	- 41.6 ± 1.16" 4.0 f 0.70de 1.3 t 0.038 
0.5 	- 	- 49.0 	0.54' 5.4 	0.50"' 1.8 f 0.03 i` 
1.0 	- 	- 40.2 ± 0.66" 3.2 	0.37`' 1.3±0.062 
1.5 	 - 34.4±0.50' 2.4±0.50' 1.0±0.04h 
- 	0.12 	- 43.810.668 5.4 :1 0.50 d` 
- 	0.25 	- 47.8 f 0.58d`  6.2 - 0.66±" 1.8 ± 0.1 l i` 
- 	0.5 	- 52.4 ± 0.50' 6.8 t 0.37x" 2.1 ± 0.07' 
- 	1.0 	- 50.21 0.66` 5.6 f 0.24c 1.6 ± 0.03' 
- 	1.5 	- 46.2 f 0.37` 5.2 	0.37cd 1.1 ± 0.05 , 
- 	- 	0.12 52.2 	0.661) 5.4 .~ 0.50 d` 2.0 ± 0.05` 
- 	- 	0.25 56.8±0.73" 7.40.50"' 2.6=0.05' 
- 	- 	0.5 58.0±0.70" 8.4±0.50" 2.8f0.03a 
- 	- 	1.0 45.2 	0.371" 6.01 0.31 be 2.3 ± 0.03` 
- 	- 	1.5 40.6 	0.81 5.4 f 0.50' 1.8 	0.03` 
Values represent means ± SE. Means followed by the same letter within 
columns area not signiticantly different (1'-0.05) using Duncan's multiple range 
test. 
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4.1.2.3. Effect of TDZ and subculturing 
The morphogenetic responses of cotyledonary node explants to TDZ containing 
medium are summarized in table 13. The CN (1cm) explants were placed in a medium 
containing different concentrations of TDZ, exhibited differentiation of the resident 
meristem, which clearly influenced the induction and frequency of shoot bud 
formation. Initially, the formation of shoot buds with small basal swelling was started 
after 2 weeks of incubation on TDZ containing medium, as the time progressed these 
shoot buds converted into well defined shoots upto 4 weeks of duration. Among the 
different concentrations tested, the highest shoot regeneration frequency (70.0%) with 
maximum number (9.0 f 0.31) of shoots and shoot length (2.3 f 0.07 cm) were 
observed on MS medium supplemented with 0.8µM TDZ after 4 weeks of incubation 
(Table 13; Fig. 7E). Reduction in the shoots was noticed at higher concentrations 
beyond the optimal level accompanied with heavy basal callusing. A very low number 
of shoots (3.4 = 0.50) with 1.3 ± 0.05 can shoot length was induced at 1.0 µM TDZ in 
only 49.4% cultures. 
Subculturing of the regenerated shoots on similar fresh medium resulted in the 
formation of lasciated and distorted shoots which lead to the death of the primary 
shoots. The problem was conquered by transfer of shoot clusters to secondary 
medium lacking TDZ. After the transfer, the shoots formed were healthy with well 
developed leaves. The highest number (14.8 t 0.66) of shoots per explant with shoot 
length of 3.5 ± 0.50 cm was obtained at fourth subculture passage which got stabilized 
at fifth passage (Fig. SD & 9). 
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Table 13: Effect of TDZ on multiple shout induction from cotyledonary node 
explants derived from aseptic seedlings after 4 weeks of culture 
TDZ (pM) '% Response 	Mean nu. of 	Mean shoot shoots/explant 	length (cm) 
0.1 55.4 f 0.50 	4.8 ± 0.48' 	13±0.04` 
0.3 60.0 t 0.70' 	7.0 t 0.70b 	1.8 t 0.06"` 
0.5 61.0+0.94n 	82±037' 	2.0±0.05' 
0.8 70.0 + 0.70' 	9.0 ± 0.318 	2.3 f 0.073  
1.0 49.4f0.60d 	3.4±0.500 	1.3 ± 
Values represent means ± SE. Means followed by the same letter within columns are 
riot significantly different (1'-0.05) using Duncan's multiple range test. 
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Fig. 9: Multiplication and elongation of shoots obtained from CN explants subcultured for 
different passages on MS medium without TDZ. Bars represent means ± SE. Bars 
denoted by the same letter are not significantly different (P=0.05) using Duncan's 
multiple range test. 
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4.1.3. Regeneration from nodal explants (AN) excised from four weeks old 
aseptic seedlings 
4.1.3.1. Effect of cvtokinins 
The explants (Fig. I OA) on a medium without plant growth regulators did not promote 
axillary bud initiation and eventually necrosed. whereas, the presence of plant growth 
regulators favoured axillary bud induction and multiplication. A considerable 
regeneration was achieved on MS medium supplemented with various plant growth 
regulators (BA. Kn or 2-il') shown in table 14. 1lowevcr, significant differences were 
detected in shoot number and length among different concentrations of cytokinins. 
Swelling of dormant axillary bud took place writhin 8 days followed by differentiation 
into multiple shoots within 4 weeks. 
Direct multiple shoot bud differentiation from the explants was confirmed by the 
histological studies which showed the domed apical meristem with early leaf buttres 
formation (Fig. 27A). Further enlargement of cell clusters termed apical dome with 
well defined leaf primordia (Fig. 2713). A number of shoot buds showed no visible 
connection with the original vascular tissue, although these buds appeared to have 
originated from the meristematic zone beneath the epidermis. It is possible that the 
initial shoots developed from pre-existing meristems, as seen in histological slides 
(Fig. 27C.I)). Primordia at stages ranging from apical dome formation to organized 
shoots with leaf primordia were observed on the same explant (Fig. 27A-D). 
Nodal explants cultured on MS medium supplemented with 0.5 pM BA produced 6.6 
± 0.67 shoots in 48.0% cultures. The frequency of axillary shoot proliferation and the 
number of' shoots per explant increased with increasing concentration of BA, upto the 
optimal level such as BA at 7.5 µM showed the highest shoot regeneration frequency 
(86.2%) and highest number (12.0 + 0.70) of regenerated shoots per explant with an 
average shoot length of 2.9 f 0.03 cm after 4 weeks of culture (Table 14; Fig. 10B). 
I lowever, MS medium supplemented with 7.5 µM Kn induced (9.4 f 0.67) shoots per 
explant within 4 weeks (lip,. 10C), while 2-iP at the same concentration exhibited 
poor response, inducing only 4.8 f 0.37 shoots with 2.3 ± 0.03 cm shoot length in 
54.0% cultures (Table 14: Fig. IOD). There appeared a positive correlation between 
the increase in concentration of cytokinin upto an optimal level and number of shoots 
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Fig. 10 (A) Aseptic nodal explant (AN). Emergence of multiple 
shoots on (B) MS + 7.5 µM BA, (C) MS + 7.5 µM Kn, (D) MS + 7.5 
µM 2-iP, (E) MS + 0.8 µM TDZ after 4 weeks of culture. IBar = 1 
mm for A; 1cm for B,C, DI. 
per explants. Further increase in concentration, did not improve any parameters and 
suppressed regeneration frequency. number of shoots and shoot length with basal 
callus formation. 
Among the three different c}tokinins tested, BA proved to be more efficient than 
other ones with respect to shoot initiation and subsequent proliferation. A comparision 
of the relative effectiveness of these eytokinins for multiple shoots formation revealed 
the order of effectiveness BA> Kn>2-iP. 
4.1.3.2. Effect of combination of cytokinins and auxins 
The optimal concentration of each cytokinin (BA. Kn and 2-i?) was tested in 
combination with three different auxins: NAA, IAA and IBA at various 
concentrations (0.12, 0.25, 0.5. 1.0 and 1.5 µM), data obtained has been depicted in 
tables 15, 16 and 17. Ammrg these combination, higher multiplication rates were 
observed using MS medium amended with BA and NAA (Table 15). These 
treatments also resulted in the formation of more vigorous shoots with dark green, 
stiff and shiny leaves. Highest regeneration frequency (95.2%) with maximum 
number (26.2 ± 0.73) of shoots per explants and greatest shoot length (4.8 = 0.07 cm) 
were observed on MS medium supplemented with 7.5 .xM BA and 0.5 µM NAA after 
8 weeks of culture (Fig. I IA & 12 A, B). Increasing the concentration of NAA upto 
1.5 µM, resulted in basal callusing which decreased the regeneration frequency and 
number of shoot per explant (Table 15). 
However, presence of 1BA (0.5 pM) or IAA (0.5 iM) with BA (7.5 pM) 
supplemented medium formed 18.4 = 0.50 and 13.0 t 0.70 shoots in 75.2% and 
70.0% culture respectively (Table 15)- Further, Kn (7.5 µM) with NAA (0.5 µ-Vi) 
produced 13.00 ± 1.04 shoots with shoot length of 3.2 ± 0.07 cm in 77.0% cultures 
(Fig. I IB; Table 16) and supplementation of 2-iP (7.5 itM) and NAA (0.5 µM) on MS 
containing culture medium produced 9.2 t 0.58 shoots per explant with 2.9 ± 0. 10 cm 
shoot length in 68.0% of culture after 8 weeks of treatment (Table 17; Fig. I IC). 
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Table 14: Effect of different cytokinins on multiple shoot induction from aseptic 
nodal (AN) explants in MS medium after 4 weeks of culture 
Cytokinins (µM) 
BA 	Kn 	2-iP 
% Response Mean no. of 
shoots/explant 
Mean shoot 
length (cm) 
0.5 	- 	- 48.0±0.70 6.6±0.67°e 1.8±0.05[  
2.5 	- 	- 51.9±0.6Ø 9.2±0.586 2.0±0.08` 
5.0 	- 	- 63.6 1 0.50°  10.2±0.37°  2.1+0.08"` 
7.5 	- 	- 86.2+0.373  12.0 ± 0.70' 2.9±0.033 
10.0 	- 	- 72.2+0.37' 7.2+0.66` 2.3+0.05` 
- 	0.5 	- 40.6 f 0.50' 5.0 -1 0.70` 1.5 f 0.05s  
- 	2.5 	- 	48.6 '- 0.67"' 	7.4 t 0.50' 	1.8 t 0.03' 
- 	5.0 	- 	62.0 = 0.70" 	8.8 f 0.73°c 	2.0 t 0.07` 
- 	75 	- 	70.0 =0.83` 	9.4+0.67' 	2.6f 0.07' 
- 	10.0 	- 53.0 1 0.70` 7.0 f 0.70` 1.1 t 0.05°  
0.5 38.4±0.92" 2.6±0.409 0.9+0.005' 
- 	- 	2.5 41.4 f 1.07' 2.8f 0.73' 1.2f 0.03' 
_ 	_ 	5.0 47.6±0.50' 3.4f 0.5018 1.5f 0.03g 
7.5 54.0 f I.04` 4.8 = 0.37` 2.3 t 0.03cd  
10.0 50.6 I  0.50"h 2.0 = 0.318 2.1 t o.ose 
Values represent means f SE. Means followed by the same letter within columns 
are not significantly different (p=0.05) using Duncan's multiple range test. 
97 
To proceed experiment. \N hen optimal concentration of Kn and ?-iP were added in the 
medium augmented with 1A.\ or IBA at different concentrations, the treatments 
produced reduced number of shoots as compared to BA-NAA combination (Table 16 
and 17). In case of Kn and IRA combination, regeneration frequency (68.2%) with 
I I.2 = 0.86 number of shoots and 3.1 = 0.03 cm shoot length was observed on M1S 
medium containinz Kn (7.5 µi\1) - 113A (0.5 p.%I) after 8 weeks of culture, whereas 
'_ -iP (7.5 µM) augmented with IBA (0.5 µdl) produced 60.8% regeneration response 
with 7.6 ± 1.20 number of shoots and 2.5 -- 0.07 cm shoot length. 
Combination of Kit! ?-iP with IAA induced lesser response in terns ot' regeneration 
frequency. number of shoots per explant and average shoot length as compared to 
their combination with other auxins (NAA and IBA). Kn (7.5 MM) + IAA (0.5 pM) 
produced only 9.2 ± 0.86 shoots in 56.2% culture and in case of 2-iP (7.5 µM) along 
with IAA (0.5 MM) combination, regeneration frequency of 55.4% with 5.8 ± 0.86 
number of shoots per explant having, 1.9 = 0.05 cm shoot length was observed on MS 
medium after 8 weeks of culture (Table 16 and 17). 
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Table 15: Effect of different auxins amended with an optimal concentration of 
BA (7.5 µM) in MS medium on shoot induction and multiplication 
from aseptic nodal explants after 8 weeks of culture 
Auxins (pNI) 	% Response 	Mean no. of 	Mean shoot 
IAA 	TBA 	NAA 	 shoots/explant 	length (cm) 
0.12 - - 48.0 ± 0.70 5.2 ± 0.37' 1.0 t 0.05' 
0.25 - - 58.2 ± 0.66' 7.2 f 0.868 2.1 1 0.09e1 
0.5 - - 70.0±0.70e 13.0±0.70°e 2.9±0.07` 
1.0 - - 60.0±1.30' 11.4±0.67"' 2.3±0.05` 
1.5 - 50.0±1.00"' 6.4±0.508 1.5+0.05' 
- 0.12 - 55.2 ± 0.581  7.0 ± 0.709 1.9 t 0.091, 
0.25 - 68.0 s 1.14` 9.8 f 0.86' 2.0 f 0070fs 
- 0.5 - 75.2 1 1.01°  18.4 ± 0.50` 3.3 t 0.07°  
- 1.0 - 60.0± 0.89' 14.2 f 0.86' 2.6 t 0.50° 
1.5 - 50.8r0.86h 9.8=0.58, 19±0.10,  
- - 0.12 80.2±0.66' 14.0tI.04 1.9±0.05` 
- - 0.25 90.0±1.14 18.6=1.02` 2.1±0.08 1`8  
- - 0.5 95.2±0.86' 26.2=0.738 4.8t 0.07' 
1.0 77.6± 181d 22.0 t 0.70" 3.1 t 
- - 1.5 68.8 t 0.37` 20.0 f 0.70x` 2.1 t O.07 
Values represent means f SE. Means sharing the same letter within columns are not 
significantly different (P-0.05) using DMR'1. 
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Fig. 11 Culture showing elongation and proliferation of shoots from 
seedling derived nodal (AN) explants on (A) MS + 7.5 pM BA + 0.5 pM 
NAA, (B) MS + 7.5 µM Kn + 0.5 pM NAA, (C) MS + 7.5 pM 2-iP + 0.5 
pM NAA after 8 weeks of culture (D) Shoot multiplication and 
elongation on MS medium devoid of TDZ in aseptic nodal at fifth 
subculture passage, (Transferred from TDZ (0.8 pM). [Bars = I cml. 
Table 16: Effect of different auxins amended with an optimal concentration of 
Kit (7.5 I M) in MS medium on shoot induction and multiplication 
from aseptic nodal explants after 8 weeks of culture 
Auxins (µM) / Response Mean no. of Mean shoot 
IAA 	IRA 	NAA shoots/explant length (cm) 
0.12 	- 	- 31.0±0.70 5.2t0.86s 1.7±0.07° 
0.25 	- 	- 45.6 t 0.501 8.4 f 0.92cdef 1.8 ± 0 091' 
0.5 	- 	- 56.2=0.6& 9230.86bme 2.7±0.05c` ~ 
LO 	- 	- 40.2 t 0.86' 6.0 t 0.70fth 2.5 ± 0.05& 
1.5 	 - 33.0+0.70' 5.2 i 0.86g" 2.0=0.07' 
- 	0.12 	- 44.4+3.7, 7.44 0.5O 2.3 ±0.17` 
- 	0.25 	- 52.2 t 1.06' 9.0 f 0.70'c'e 2.7 
- 	0.5 	- 68.2± 	1.01b`  112+0.86" 3.1±0.03" 
- 	1.0 	- 60.0 t 0.70de 8.0 f 0.54d` f 2.5 t 0.03111 
- 	1.5 	- 50.2-0.86+ 4.8±0.58" 1.9±0.08+`  
- 	0.12 61.0 f L.00° 7.8'r O.66def 2.8 t 0.08'1 
- 	- 	0.25 66.4 f 1.80c 10.0 t 0.70°cd 3.0 t-0.0gb 
- 	0.5 77.0 f 1.00e 13.0 = 1.04° 3.2 e 0.07a 
- 	- 	1.0 70.6±1.07' 10.8± 0.86abe 2.4±0.16` 
- 	- 	1.5 59.0 ± 1.00' 9.0 t 0.70bme 2.0 
Values represent means = Sh, Means sharing the same letter within columns are not 
significantly different (P=0.05) using DMRT. 
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fable 17: Effect of different auxins amended with an optimal concentration of 2 
iP (7.5 µNI) in MS medium an shoot induction and multiplication 
from aseptic nodal explants after 8 weeks of culture 
Auxins (pM) _ % Response Mean no. of Mean shoot 
[AA IBA NAA shoots/explant length (cm) 
0.12 - - 42.0+0.70" 2.010.319 1.0+0.04' 
0.25 - - 50.6± 1.32e 3.4 = 0.50 1.410.50r~' 
0.5 - - 55.4±0.50' 5.8-0.866caer i 9t005ee 
1.0 - - 48.2 1 0.66 4.0 	0 54eetg 1.6 1 0.06r`  
1.5 - - 39.4+1.02' 3.2-0.86tx 1.3+0.0X" 
- 0.12 - 52.0±O.70e 4.4t 1.02defg 1.7±0.11ts 
0.25 - 58.4 ± 0.50° 6.4 = 0.92bcd 2.0 f 0.12' 
- 0.5 - 60.8 t 0.86 7.6 = 1.2086 2.5 ± 0.07
bc 
1.0 - 5L0 + 0.70 6.0 f 0.70bcse 2.1 t 
1.5 - 45.2±0.58$ 5.0± 0,700 1.710.04es 
- - 0.12 53.0 1 0.70de 4.6 1 0.67dcg 2.4 = 0.14" 
- - 0.25 62.8 = 1.06° 7.8 ± 0.86°6 2.6 t 0.13' 
0.5 68.0 	1.30c 9.210.58" 2.9 t 0.108 
1.0 50.4 = 1.02 1` 7.41 1.16cbc 2.3 t 
- - 1.5 48.2±0.66' 4.6±0.67°e1g 2.010.07` 
Values represent means ± SE. Means sharing the same letter within columns are not 
significantly different (P=0.05) using DMRT. 
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u 
Fig. 12 (A & B) Cultures showing regeneration and multiplication of 
shoots from AN explant on MS + 7.5 pM BA + 0.5 µM NAA after 6 and 
8 weeks of culture, respectively. IBars = 1.2 cml. 
4.1.3.3. Effect of TDZ and subculturing 
Nodal (AN) explants placed onto MS basal medium lacking TDZ did not support any 
morphogenetic responses and failed to induce even single shoot after 4 weeks or 
culture. The morphogenetic response of nodal segment obtained from aseptic 
seedlings to different concentrations of TDZ (0.1, 0.3, 0.5, 0.8 and 1.0 µM) is 
summarized in table 18. Initiation of shoot buds were noticed within 8-10 days of 
culture. Among the concentrations tested, 0.8 µM TDZ was found to be the most 
effective, inducing maximum shoot number (12.2 f 0.66) with highest shoot 
regeneration frequency (75.0%) after 4 weeks of culture (Table 18; Fig. 10E). 
Reduction in the parameters was noticed on moving either side of the optimum 
concentration. Basal callusing was a regular feature in all cultures having higher 
concentration of TDZ beyond the optimum level. 
Cultures grown continuously on TDZ containing media formed fasciated and distorted 
shoots. The problem of shoot elongation and fasciation was surmounted by 
transferring shoot clusters on MS medium lacking TD7 after exposure period of 4 
weeks. Subculturing of explants was carried out on fresh medium at every 2 weeks. 
This process was repeated for five subcultures to study the effect of subculture on 
shoot multiplication. The number of shoots and shoot length increased after every 
subculture passage and showed no sign of decline upio fifth subculture passage. The 
highest shoots (16.2 1 0.58) and shoot length (3.9 t 0.15 cm) were observed at fourth 
passage thereafter it got stabilized at fifth passage (Fig 1I D & 13). 
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Table 18. Effect of TDZ on multiple shout induction from nodal explants derived 
from aseptic seedlings after 4 weeks of culture 
	
TDZ (µM) % Response 	Mean no. of 	 Mean shoot 
shoots/explant length (cm) 
0.1 	43.4 ± 0.924 	5.2 ± 0.86' 	1.7 f 0.08` 
0.3 	59.8 ± 1.06' 	7.2 ± 0.66°a 	2.0 ± 0.07' 
0.5 	62.2 ± 0.86' 	9.0 ± 0.70n`  	2.1 1 0.106 
0.8 	75.0f0.70a 	12.2f0.66a 	2.4±0.07' 
1.0 	50.4±0.92` 	10.6±0.673M 	1.3±0.05° 
Values represent means ± SE, Means followed by the same letter within 
columns are not significantly different (P=0.05) using Duncan's multiple 
range test. 
E 18 
Number of shoots 
fr~l Shorn length (cm) 
14 
12 
22 
ID 
Subculture passages 
Fig. 13: Multiplication and elongation of shoots obtained from nodal explants 
excised from aseptic seedlings subcultured for different number of 
passages on MS medium without TDZ. Bars represent means t SE. 
Bars represent means ± SE. Bars denoted by the same letter are not 
significantly different (P~.05) using Duncan's multiple range test 
t16 
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4.1.3.4. Effect of different basal media 
To better exploit the regeneration potential of the explants, different basal media i.e 
MS.½ MS. l., and B with optimal concentration of PGRs combination i.e. BA (7.5 
µM) and NAA (0.5 µM) were examined. I'he analysis of' variance exhibited that the 
overall mean differences in the number of' regenerated shoots per explant and shoot 
length were significantly influenced by the composition and strength of the media. 
Among the different basal media tried. MS basal medium was found to be the most 
suitable medium fir the best growth. The maximum number (26.2 ± 0.73) of shoots 
per explant and shoot length (4.8 ± 0.70) were recorded on MS medium followed by. 
'/z MS. 1_, and 115 media (Fig. 14). 
V2 MS and l., medium gave satisfactory results producing 15.2 ± 0.58 and 10.4 ± 0.50 
shoots in 76.2% and 61.0% culture respectively, while on 13; medium, only 30.8% 
regeneration frequency. 7.0 ± 0.70 number of shoots per explant and 1.9 + 0.81 cm 
shoot length was noticed. Shoots which formed in '/2 MS and t., medium were much 
longer and more vigorous, produced more leaves and node as compared to I3; medium 
where small rosette type shoots were observed. 
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Fig. 14: Effect of different basal medium on shoot regeneration from aseptic 
nodal explants supplemented with BA (7.5 )►M) + NAA (0.5 )tM) after 8 
weeks of culture. liars represent the means ± SE. Bars denoted by the 
same letter within response variables are not significantly different 
(P=0.05) using DMRT. 
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4.1.3.5. Effect of different carbohydrate sources 
Carbohydrate source is considered as a sole for shoot regeneration in vitro culture. No 
sign of axillary shoot initiation was noticed on carbohydrate free MS medium after 4 
weeks of culture. The addition of different carbon sources (sucrose. glucose and 
fructose) at different levels (1, 2. 3. 4 and 5%) singly into the MS medium augmented 
with BA (7.5 µM) + NAA (0.5 .tM) influenced plantlet growth and multiplication 
from aseptic nodal explants. Among the three carbon source tried, sucrose was found 
to be the best for shoot growth followed by glucose and fructose. 
In addition, at different range of carbon sources, best response of shoot induction was 
obtained on 3% sucrose where 95.2% regeneration with maximum number (26.2 f 
0.73) of shoots and shoot length (4.8 + 0.70 cm) was obtained (Fig. 15). On increasing 
sucrose concentration upto 5%. both regeneration frequencies and shoot number were 
inhibited (Fig. 15) as induced shoots formed rosette and no further development was 
noticed. 
Explant cultured on glucose and fructose showed comparatively a poorer response in 
terms of growth and vigour of plantlets generation, only 12.4 ± 0.92 and 8.4 i 1.02 
shoots formed on their supplementation at 3% respectively. Along with poor growth, 
on fructose containing medium, chlorosis in leaves was also recorded after 3 weeks of 
culture. 
105 
E 30 
U 
25 
1 
20 
4 15 
n 10 
a 5 
2 0 
120 
80 
60 Q 
40 L' 
20 
1 2 3 4 5 1 2 3 4 5 1 2 34 5 
Sucrose 	 Glucose 	 Fructose 
('arhi h\ dratc s'urces 
Fig. 15: Effect of different carbohydrate sources on shoot regeneration from 
nodal explants of A. ofjicinalis cultured on MS medium supplemented with BA 
(7.5 µM) + NAA (0.5 µM) after 8 weeks of culture. Bars represent the means ± 
SF,. Bars denoted by the same letter within response variables are not 
significantly different (P=0.115) using DMRT. 
4.1.3.6. Effect of different pH levels 
Different pH range of the medium played influential role in shoot regeneration and 
multiplication as it is associated with direct uptake of'nutrients. The effect of different 
pH levels of the medium (5.0. 5.4, 5.8. 6.2 and 6.6) was evaluated in MS medium 
amended with optimal concentration of BA (7.5 µM) and NAA (0.5 itM) in full 
strength MS medium. 
Among the levels of pI I tested. p1! 5.8 was found best in respect of shoot regeneration 
and multiplation which produced 26.2 ± 0.73 shoots in 95.2% culture. The 
multiplication rate was severely affected at low and high pil levels. p11 level below 
5.8 exhibited more acidic nature which inhibited shoot multiplication. I ligher level of 
pH beyond 5.8 showed vitrification and poor shoot growth. at pH 6.6 only 37.6% 
regeneration response was observed after 8 weeks of culture (Fig. 16). 
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Fig. 16: Effect of medium pH on shoot induction and proliferation from nodal 
explants derived from aseptic seedlings on MS medium supplemented 
with 7.5 pM BA, 0.5 pM NAA and 3% sucrose after 8 weeks of culture. 
4.1.4. Regeneration from nodal (N) explants excised from a 6-month old plant 
4.1.4.1. Effect of cytokinins 
Explants (Fig. 17A) cultured on M3 medium served as control and did not show any 
axillary bud initiation and eventually necrosed, whereas in the presence of growth 
regulators axillary bud responded and considerable enhancement in shoot production 
was achieved. The percentage response of explants in terms of shoot induction, shoot 
number and shoot length varied according to the type and concentration of cytokinins 
used (Table l9). Among the different concentrations of cytokinins tested, a significant 
increase in shoot regeneration was found from 0.5 to 7.5 pM of BA, Kn and 2-iP after 
4 weeks of culture. 
Enlargement of nodal segments took place within 10 days on cytokinin containing 
media followed by bud break after 2 weeks and subsequent differentiation into 
multiple shoots was observed after 4 weeks of inoculation. Among three cytokinins 
tested, BA (7.5 µM) was found to be optimum for inducing maximum regeneration 
frequency (76.4%), number (7.4 t 0.92) of shoots per explant and shoot length (3.2 f 
0.10 cm). whereas Kn or 2-iP lagged behind (Table 19; Fig. 17B, C, D). Moreover, 
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Fig. 17 (A) Nodal explant (N), excised from mature plant. Sprouted 
axillary shoots from bud breaking in nodal explants on MS 
medium supplemented with (B) 7.5 pM BA, (C) 7.5 pM Kn, (D) 7.5 
pM 2-iP , (E) 0.8 pM TDZ after 4 weeks of culture. [Bar = 1 mm 
for A;1cmforB,C,D,El. 
increasing the concentration of cytokinins beyond the optimal level decreased the 
percentage of responding cultures as well as number of shoots. There was a linear 
correlation between the increase in the concentration of BA upto the optimal level and 
number of shoots per explant. 
Furthermore, MS medium amended with 7.5 µM Kn induced 5.2 ± 0.58 shoots per 
explant in 69.0% cultures (Table 19; Fig. 17C). Also, 7.5 µM 2-iP was capable to 
initiate shoot development from nodal explants where 3.6 ± 0.40 shoots with shoot 
length (2.1 + 0.05 cm) was noticed in 51.6% culture after 4 weeks of inoculation (Fig. 
17D). On 2-iP containing medium, the shoots were unhealthy and less in number. In 
this way, of the three cytokinins tried, BA was found to be more effective than Kn and 
2-iP in induction of shoots from mature nodal explants. 
4.1.4.2. Synergistic effect of cytokinins and auxins 
A synergistic influence of auxin and cytokinin was evident when combinations of 
optimal concentration of each cytokinin (BA, Kn and 2-iP) with different 
concentrations of NAA, IAA and IBA were tested during the study. The results are 
summarized in tables 20, 21 and 22. 
Addition of auxin with optimal concentration of each cytokinin markedly enhanced 
the shoot regeneration capacity. Combination of auxin together with the optimal 
concentration of each cytokinin was significantly positive to enhance shoot 
multiplication. Among all the BA-NAA combinations, the maximum (20.0 ± 0.54) 
number of shoots per explant with an average shoot length of 4.3 + 0.07 cm in 80.0% 
culture was obtained at 7.5 µM BA with 0.5 pM NAA after 8 weeks (Table 20; Fig. 
I 8A). The shoots were healthy and flourished in dark green color. The elevated 
concentration of NAA upto 1.5 aM, the basal callusing was observed at the cut end of 
the nodal explants, thus, regeneration frequency and number of shoots per explant got 
reduced. Furthermore. significantly low number of shoots (14.2 ± 1.06) were 
produced in 70.6% cultures on MS medium augmented with Kn (7.5 µM) + NAA (0.5 
tM) combination (Table 21; Fig. 18B) and even fewer number of shoots (6.6 ± 0.81) 
were recorded on 2-iP (7.5 µM) — NAA (0.5 µM) combination in 59.0% cultures after 
8 weeks (Table 22; Fig. 18C). 
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During the experiment, a decrease in shoot induction and multiplication frequency 
was observed when the IBA or IAA was used in BA containing medium. Among the 
various combinations of BA and IDA tested, the shoot regeneration frequency of 
65.2%. with 11.2 f 0.58 number of shoots and average shoot length of 3.8 = 0.06 cm 
was observed on MS medium containing BA (7.5 µM) + IBA (0.5 uM) after 8 weeks 
of culture (Table 20). However, comparatively reduced regeneration frequency 
(60.4%) with number (9.0 = 0.70) of shoots and shoot length (2.6 ± 0.10 cm) was 
obtained on MS medium supplemented with Kn (7.5 µM ) and [BA (0.5 µM) (Table 
21). Further, addition of IRA to optimized 2-iP (7.5 pM) did not significantly improve 
the parameters. MS medium amended with 2-iP (7.5 µM ) and IBA (0.5 µM) 
exhibited 39.0% regeneration response with 5.8 = 0.66 number of shoots and an 
average of 2.2 ± 0.07 cm shoot length after 9 weeks of culture (Table 22). 
Furthermore, MS medium fortified with BA (7.5 N) + IAA (0.5 µM) induced 9.0 ± 
0.70 number of shoots (Table 20) in 60.2% culture, while low number (6.8 ± 0.80) of 
shoots were recorded in Kn (7.5 µM) - IAA (0.5 µM) combination (Table 21) and 2-
iP (7.5 µM) with IAA (0.5 µM) was found to be least effective, inducing only 3.4 t 
MO shoots with reduced shoot length (2.1 ± 0.07 cm) per explant (Table 22). 
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Fig. 18 Proliferation and elongation of vigorous shoots obtained from 
nodal explants (N) on (A) MS + 7.5 µM BA + 0.5 µM NAA, (B) MS +7.5 
µM Kn + 0.5 pM NAA, (C) MS + 7.5 µM 2-iP + 0.5 µM NAA after 8 
weeks of culture, (D) Culture showing shoot multiplication on MS 
medium devoid of TDZ at fifth subculture passage, (Transferred from 
TDZ (0.8 µM). (Bars = I cmI. 
Table 19: Effect of various cytokinins supplied in MS medium, on multiple shoot 
induction from nodal (N) explants excised from mature plant after 4 
weeks of culture 
Cytokinins (It-M) Response Mean no. of Mean shoot 
BA Ku 2-iP shoots/ explant length (cm) 
0.5 - - 52.2 f 0.66" 2.2 f 0.37d` 1.0 ± 
2.5 - - 61.0 = 0.70` 4.4 = 0.50°` 2.4 ± 0.03` 
5.0 - - 69.20.37' 5.6±0.50' 2.9=0.076 
7.5 - - 76.4±0.50' 7.410.92' 3.2=0.10a  
10.0 - - 59.2+ 0.58` 4.2f 0.48x` 1.5±0.068  
0.5 - 48.4±0.92 1.8±0.37 1.1±0.05" 
- 2.5 - 54.0 ± 0.70' 2.6 f 0.67 x``  2.0 f 
- 5.0 - 60.8 ± 0.86` 4.4 = 0.506` 2.3 i 0.05` 
- 7.5 - 69.0-0.70' 5.2±0.58" 2.8=0.066 
- 10.0 - 40.2' 0.66' 2.2± o37  1.9 t 0.051,  
- OS 31.2±0.58 1.2±0.201  0.9 	0.005' 
- 2.5 38.0±0.70' 2.2±0.58°e 1.4±0.05° 
- 5.0 42.2 e 0.489 2.6 t 0.50°± 1.8 t 0.081  
- - 7.5 51.6±0.81` 3.6t0.4O' 2.1+0.05°  
- - 10.0 40.0-0.70±' 1.4±0.24` 1.0±0.031, 
Values represent means t SE. Means sharing the same letter within columns are not 
significantly different (P0.05) using Duncan's multiple range test. 
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Tuttle 20t Effect of auxins at different concentrations with an optimal 
concentration of BA (7.5 1tM7) in MS medium on shoot 
multiplication from nodal explants excised from mature plant after 
8 weeks of culture 
Auxins QiM) 	Response 	Mean no. of 	Mean shoot 
IAA IBA NAA shoots/explant 	length (cm) 
0.12 - 	- 	53.0±0.441  5.4+0.50 k 1.0±0.03! 
0.25 - 	- 	58.2±0.66£ 7.4±0.81`$ 2.1±0.05'' 
0.5 - 	- 	60.2 f 0.80` 9.0 ± 0.70i1oe 2.9 t 0.05"' 
1.0 - 	- 	49.0=1.00" 8.2+0.58a°rs 2.0±0.07" 
1.5 - 	42.8 = 0.58 4.810,373k 1.6' 0.05' 
- 0.12 	- 	58.8=I.01' 6.8±0.660"' 2.1±0.07" 
0.25 	- 	60.6 L0.74" 9210.581,  2.8'0.058 
- 0.5 	- 	65.2 + 0.37°  11.2 + 0.58` 3.8 i. 0.060  
1.0 	- 	50.2 	0.661" 6.010.70""  
- 1.5 	- 	49.6±0.67°" 4.0±0.31' 3.1±0.03 ,` 	.. 
- 	0.12 	68.6+ 0.87` 11.2 + 0.66` 3.8 + 0.03` 
- - 	0.25 	75.2±0.96" 14.0±0.70" 4.0±0.05" 
- - 	0.5 	80.011,141  20.0!-0.54' 4.3+oar 
- - 	I.0 	63.2 + 3.31a° 10.0 + 0.31°a  3.1 1 0.030  
- - 	1,5 	51.4±0.74"' 7.2=0.66's"' 2.7+O.O6g 
Values represent means ± SE. Means followed by the same letter within columns 
are not significantly different (P=0.05) using Duncan's multiple range test. 
Table 21: Effect of various auxins at different concentrations with an optimal 
concentration of Kn (7.5 µM) in MS medium on shoot multiplication 
from nodal explants excised from mature plant after 8 weeks of 
culture 
Auxins (pM) 
IAA IBA NAA 
 % Response Mean no. of 
shoots/explant 
Mean shoot 
length (cm) 
0.12 	- 	- 30A ± 0.50` 3.4 t 0.50  1.5 t 0.05 £` 
0.25 	- 	- 38.2 f 0.66° 4.6 f I.02'R~' 1.7 ± 0.07 
0.5 	- 	- 43.0 t 0.70' 6.8 1 0.80' 2.0 = 0.09 a` 
1.0 	- 	- 40.6±0.508 4.0±0.70"" 1.4±0.05rx 
1.5 	- 32.2±0.37 2.4±0.50' 1.2t0.1W 
- 	0.12 	- 50.6±0.92` 4.0±0.70' 1.9t0.101 
- 	0.25 - 55..±1.02° 5.4-0.74   2.2 ± 0.08c 
- 	0.5 - 60.4±092` 9.0±0.70°i 2.6±0.10' 
- 	1.0 - 51.4±1.20e 7.4±0.50° 2.1±0.030 
- 	1.5 - 42.4 = 1.02'9 6.0 f 0.54def° 1.2 = 0.059 
- 	- 0.12 60.8 = 0.58` 8.04 0.70°cd 1.9 = 0.08d 
0.25 662±0.37° 102±0.86° 2.7t0.07sb 
0.5 70.6±0.50' 14.2 ± 1.06' 2.9+0.07° 
- 	- 1.0 54.0 i 0.70` 9.0 f 0.70bc 2.0 t 0.05cc' 
- 	- 1.5 51.4±092` 6.6± 0.67'~r 1.6t 0.05 r` 
Values represent means ± SE. Means followed by the same letter within columns 
are not significantly different (P=0.05) using Duncan's multiple range test. 
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Table 22: Effect of various auxins at different concentrations with an optimal 
concentration of 2-LP (7.5 µVI) in MS medium on shoot multiplication 
from mature nodal explants after 8 weeks of culture 
Auxins 0t1) 	% Response 	Mean no. of 	Mean shoot 
IAA IBA NAA shoots/explant 	length (cm) 
0.12 	- 	- 	21.6 + 0.81' 	1.2 ± 0.201 	1.5 ± 0.038 
0.25 	- 	- 25.6+0.671" 2.6=0.6714 1.7fo.o5r"^ 
0.5 	- 	- 32.4+0.92 3.4+0.50°'c 2.1+0.o7~dc 
1.0 	- 	- 26.2±0.66gt' 3.2t0.58cde 1.8±0.08" 
1.5 	 - 24.2*I.15h' 2.2f0.59 1.1+0.03" 
- 	0.12 	- 30.2 + 0.86` 1.6 + 0.40ct 1.7 1 0.05fg 
- 	0.25 	- 35.6+0.67' 3.6 ± 0.670d 1.9 ± 0.03cde1 
- 	0.5 	- 39.0=0.704 5.8-0.66a6 22+007k 
- 	1.0 	- 31.4 -!- 0.92 4.0 + 0.89cd 1.9 ± 0.05cde1 
- 	1.5 	- 27.2 - 1.15- 2.2 t 058ecf 1.2 + 
- 	0.12 50.0=0.70` 2.8t0.37~`` 2.1±0.07`'cr 
- 	- 	0.25 55.6±0.87s 4.6f0.40ec 2.410.12' 
- 	0.5 59.0+0.89" 6.6+0.81" 2.8±0.13' 
- 	- 	1.0 49.610.81` 3.4+0.5r 2.0±0.17"`` 
- 	1.5 41.2+0.86° 2.6+0.40°ct 1.9+0.12111 
Values represent means ± SE. Means followed by the same letter within columns are 
not significantly different (P-0.05) using Duncan's multiple range test. 
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4.1.4.3. Effect of TDZ and subculturing 
The nodal explants (1.0-1.5 cm) cultured on the MS medium without PGRs did not 
show any promising results. Although these explants remained fresh for about three 
weeks but thereafter turned brown and eventually died. However, culture of nodal 
explants on medium supplemented with different dosages (0.1. 0.3, 0.5, 0.8 or I.0 
µM) of I DZ influenced the percentage of shoot formation, followed by differentiation 
of shoot bud primordia within 4 weeks of culture. TDZ (0.1 µM) induced 3.4 f 0.50 
shoots per explant in 41.4% cultures. On increasing the concentration upto 0.8 µM, 
the shoot numbers increased to 8.4 ± 0.81 per explant with 2.8 ± 0.08 cm shoot length 
(Table 23; Fig. t7E). Beyond this concentration (0.8 µM TDZ), frequency of bud 
break dropped dramatically with callus formation and hyperhydric shoot appeared on 
the base of explants. When these cultures were transferred to same TDZ containing 
medium, stunted and clustered shoots were formed, with no further shoot elongation 
even after 8 weeks of culture. 
To break the deleterious effect ol'TDZ, the shoot clusters were subcultured onto plant 
growth regulator free MS medium for five passages after every two weeks. A 
proliferating shoot culture was maintained by repeatedly subculturing the mother 
explant on hormone free MS basal medium. The highest number (15.8 H 0.58) of 
shoot and the longest shoot length (3.9 ± 0.74 cm) were obtained at fourth subculture 
passage. At fifth subculture, proliferated shoots were approximately similar to fourth 
subculture passage and morphologically green and healthy in appearance (Fig. 18D & 
19). 
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Table 23: Effect of TDZ on multiple shoot induction from mature nodal explants 
after 4 weeks of culture 
TDZ (pM) % Response Mean no. of Mean shoot shoots/explant length (cm) 
0.1 41.4 f 1.07e 3.4 f 0.50` 1.0 
0.3 50.6 ± 0.50` 5.2 f 0.37bc 1.5 ± 0.05c 
0.5 56.4 ± 0.92' 6.2 1 0.66b 2.0 i 0.06" 
0.8 60.6 ± l .203 8.4 ± 0.8 l a  2.8 ± 0.083 
1.0 44.8±1.39' 4.0±0.70` 2.1±0.101  
Values represent means ± SE. Means followed by the same letter within columns are 
not significantly different (P=0.05) using Duncan.s multiple range test. 
18 
a 
	
16 	 Number of shoots 
Shoot length (cm) 
14 
12 
10 
6 
O 
4 	 M 
	 a 
2 
0 
II 	 III 	 IV 	 V 
Subculture Passages 
Fig. 19: Multiplication and elongation of shoots obtained from nodal explants 
excised from a mature plant subcultured for different number of 
passages on MS medium without TDZ. Bars represent means ± SE. 
Bars denoted by the same letter are not significantly different (P=0.05) 
using Duncan's multiple range test. 
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4.2. Indirect organogenesis 
4.2.1. Induction of callus from leaf explants 
Leaf explants (1.0 cm) (Fig. 20) cultured on different concentrations of 2,4-D (5.0— 25.0 
µM) resulted in the formation of a small amount of callus after 8-10 days of inoculation 
(Fig. 2IA). Newly induced callus was white, translucent in appearance with a loose 
structure and wet surface. As incubation time increased, the callus gradually became 
yellowish (Fig. 21B). After 30 days incubation, the total number of explants (i.e. 200) 
producing calli on central (CV) and lateral vein (LV) were 65 and 42, respectively. 01' the 
various concentrations of 2.4-D tested, the maximum frequency (98.3% in CV and 49.3% 
in LV) of yellowish callus was observed on 15.0 µv12,4-D. while minimum response was 
noted at 5.0 1tM 2,4-D (Table 24). No differentiation of shoots was observed when the 
calli were subcultured onto the same medium, even after 10 weeks of subculture. 
Table 24: Effect of dif ferent concentrations of 2,4-Don callus induction of both 
types of leaf segments after 8 weeks of culture 
Plant growth No. of inoculated Survival rate (°%%) Formation of callus (%) 
regulator (µb1) explants 
2,4-D CV 	LV CV 	LV CV 	 LV 
5.0 	20 	20 	8 	7 	44.4 -1- 0.29 	25.0 f 0.15' 
10.0 20 20 10 
15.0 20 20 20 
20.0 20 20 14 
25.0 20 20 13 
7 39.1= 0.44` 39.0 t 0.57` 
9 98.3 ± 0.35 493 = 0.33" 
10 69.0 t 0.57°  48.8 f 0.57" 
9 65.3±0.33` 45.4±020' 
Values represent moans t SE. Means sharing the same letter within columns are not 
significantly different (P 0.05) using Duncan's multiple range test. 
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4.2.2. Adventitious buds induction in liquid medium 
When the calli were transferred to a medium containing reduced concentration of 2,4-
D supplemented with optimum concentration of Ads (20.0 µM) in a liquid medium, 
variation of callus morphology from yellow, greenish white to hard brown were 
observed (Table 25). Concentration of 2,4-D and AdS in the medium and the type of 
leaf explants greatly affected the regeneration of adventitious buds from callus. In CV 
(explants derived from central vein) explants, greenish white friable calli with highest 
number (19.2 ± 0.58) of shoot buds were induced in a medium containing 7.5 µM 2,4-
D and 20.0µM AdS after 6 weeks of incubation (Fig. 21C), whereas in LV (explants 
derived from lateral vein) explants greenish yellow callus with 5.0 f 0.70 shoot buds 
resulted at the same concentration (Table 25). In contrast, at 12.0 pM 2.4-D and 20 
pM AdS, yellow calli with 9.4+ 050 shoot buds in CV and brown hard calli with 1.0 
± 0.31 shoot buds in LV explants were produced. After 6 weeks, hyperhydration, 
fasciation and reduction in the growth of shoot buds were observed. Organogenic 
callus cultured on MS basal medium alone did not promote shout regeneration. A 
considerable enhancement was achieved on MS medium with the application of 
various plant growth regulators. The effect of various cytokinins (BA, Kn or 2-i?) at 
different concentrations (0.5 -10.0 JIM) showed a marked effect on multiple shoot 
induction from the organogenic calli. Among the three cytokinins tested. BA was 
found to be the most effective when compared to other rytokinins, where 71.2% shoot 
regeneration frequency (Table 26) with 14.8 t 0.86 shoots and 3.3 + 0.15 cm shoot 
length (Table 26) were observed on a medium supplemented with 5.0 pM BA in 
central vein leaf explant. Thus, this dose was considered as the optimum 
concentration for shoots regeneration. Kn and 2-iP were less effective at 5.0 pM a.s 
they induced 10.4 = 0.87 and 7.4 ± 0.50 shoots, respectively (Table 26). In lateral 
vein, negligible regeneration was observed at the same concentration. 
l'o enhance multiplication rate of regenerated shoots, combined effect of various 
auxins (IAA. [BA or NAA) at different concentrations (0.12, 0.25 and 0.5 µM) with 
optimal concentration of three cytokinins were evaluated separately and the 
morphogenetic responses are summarized in table 27. BA at 5.0 pM in combination 
with 0.25 pM NAA exhibited a synergistic effect where maximum regeneration 
frequency (81.3%). highest number (24.6 t 0.88) of shoots and longest shoot length 
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(4.4 ± 0.08 cm) was observed, while IAA and IBA were less effective (Table 27; Fig. 
21D). Clearly, the lower concentration of NAA showed synergistic el7ect with BA 
and increased the shoot morphogenic response (Fig. 21E). This indicated that the ratio 
of cytokinin to auxin is important for organogenesis. A continuous process of shoot 
multiplication was also achieved through repeated subculturing of a portion of 
differentiating callus onto the same shoot proliferation medium. 
In case of Kn and NAA combination, the maximum regeneration frequency (61.6%), 
highest number of shoots (12.3 ± 1.20). with longest shoot length (3 A ± 0.15 cm) was 
observed at 5.0 µM Kn + 0.25 µM NAA after 8 weeks of culture (Table 27). 
However, Kn + IAA or Kn I- 1BA showed reduced regeneration frequency and 
number of shoots in comparison with NAA (Table 27). to the same way, at 5.0 pM 
2-iP + 0.25 gM, NAA gave the maximum regeneration frequency (40.3%) with a 
mean number of (8.3 ± 0.88) shoots, which was higher than the combination of 5.0 
µM 2-iP +0.25 pM IAA and 5.0 µM 2-iP + 0.25 µM IRA (Table 27). 
Table 25: Effect of liquid medium containing 2,4-D and AdS on shoot buds 
formation after 6 weeks 
Treatment (ItM) 	 Nature of callus 	No. of shoot buds/callus 
	
2,4-D AdS CV 	 LV CV 	 LV 
2.5 	20.0 	Yellow friable 	Brown & hard 	8.0 ± 0.54° 	Ol t 0.31 
5.0 	20.0 	Green white friable Brawn& fragile 	9/i ± 0.50 	2.4 = OSOs  
7.5 	20.0 	Green white friable Urecnish Yellow 	19.2 1  0.58a 	5.0 3 0.708 
fragile 
10.0 	20.0 	White Yellowish 	Yellow & fragile 	12.0 t 0.70' 	2.4 ± 
friable 
12.5 	20.0 	Yellow 	Yellow & hard 	9.4 + 0. 50c 	2.0 + rI b  
Values represent means ± SE. Means sharing the same letter within columns are not 
significantly different (P=0.05) using Duncan's multiple range test. 
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Table 26: Effect of various cytokinins on shoot induction in central leaf derived 
calli after 8 weeks of inoculation 
Plant growth regulators (ltt-M) oho Regeneration Mean no. of Mean shoot 
BA Kn 	2-iP shoots/explant length (cm) 
0.5 - 	 - 40.6! 1.07" 10.2f0.73cd 2.0+0.23b`  
2.5 - 	 - 59.8=0.58' 12.6+0.50' 2.2+0.15° 
5.0 - 	- 71.2 = 1.15" 14.8 t 0.86' 3.3 t 0.15a 
7.5 - 62.0-054' II.6f0.74" 2.6f0.22n 
10.0 - 39.0 	0.70" 7.6 	0.74 t` 1.3 t 0.26" 
- 0.5 	- 36.8-0.73 4.6+0,50' 0.9=0.13401 
- 2.5 	- 42.8 ± 1.06° 8.8 t 0.37s` 1 5 f 0.25 ,` 
5.0 	- 50.4±0.50` 10.4t0.87c' 2.5+0.19' 
7.5 	- 38.6 ± 1.43 ±` 9.0 t 0.700`  1.3 t 0.2l 
- 	10.0 	- 33.6±0.811 4.4 ± 060 1.1 ± 0.24'a' 
- 	- 	0.5 29.4±0.67h 4.2±0.7381' 0.6f0.1Sr 
- 	2.5 31.0 t- 0701 5.8 ± 0.37fs 0.8 f 0.20 r` 
- 	- 	5.0 40.0 t 0.704e 7.4 . 0.50 {` 1.5 ± 0, 10`~ 
- 	- 	7.5 21.8 ± 1.85' 3.6=0.50" 0.9±0.28r' 
- 	- 	10.0 19.210.86' 3.2+0.58" 0.9f0.20a` t 
Values represent means f SE. Means sharing the same letter within columns are not 
significantly different (P=0.05) using Duncan's multiple range test. 
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First Phase 
	
Central Vein 	 Lateral Vein 
(MS + 2, 4-D) 	 (MS + 2, 4-D) 
N / 
Yellow Callus 	 Yellow Callus 
Second Phase  
Transferred in liquid medium 
S + 2, 4-D + AdS 
Greenish white callus with shoot buds 	yellowish green calli 	Brown hard callus 
~ 1 
Third phase 	 Transferred in solid medium for elongation 
MS + BA. Kn or 2-iP (Alone) 
or 
combination with Auxins 
IAA, IBA or NAA) 
MS + BA + NAA 	 ~► MS +BA + NAA 
23 healthy shoots 	 8 small distorted shoots 
Shoots ransferred to rooting medium 
'/2 MS supplemented with IAA or IBA or NAA 
Healthy rooted plantfets with IBA 
Plants transferred toilreen house 
Fig. 20: A schematic representation of efficient plant regeneration via callus 
culture in A. officina/is L. (Applied Biochemistry and Biotechnology 
(2012), 168:1239-1255. 
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Table 27: Effect of optimum concentrations of cytokinins with various concentrations 
of auxins on shoot multiplication in central-leaf-derived (CV) calli after 8 
weeks of culture 
Plant growth regulators (µM) a /0 V 	eneration 
Mean no. of Shoot length 
BA Kn 2-iP IAA IBA NAA shoot/explant (cm) 
5.0 - - 0.12 - - 40.6±0.88 9 9.6±0.88' 1.4±0.30`' 
5.0 - - 0.25 - - 41.0 f 0.57' 11.6 f 0.88'` 2.1 ± 0.57`` 
5.0 - - 0.5 - - 39.0 ± 0.57 x'' 10.6 + 0.88d`  1.3 ± 0.1 l'' 
- 5.0 - 0.12 - - 32.0±0.57'' 5.3±0.88k1 1.4±0.15"' 
- 5.0 - 0.25 - - 35.3 ± 0.33" 10.3 ± 0.881` '9 2.0 ± 0.57``` 
- 5.0 - 0.5 - - 28.6±0.33" 9.0±0.57''" 1.1 ±0.12'k' 
- - 5.0 0.12 - - 27.0 ± 1.15' 4.0 + 0.57' 0.9 ± 0.57' 
- - 5.0 0.25 - - 31.0 ± 1.15' 6.0±0.57'kl 1.4±0.15'" 
- - 5.0 0.5 - - 23.6+0.88' 5.0±0.57k1 1.2±0.15'" 
5.0 - - - 0.12 - 60.3 ± 0.66 12.0 ± 0.57de 2.1 ± 0.17`'`' 
5.0 - - - 0.25 - 65.0±0.57" 15.0+0.57` 29±0.03` 
50 - - - 0.5 - 52.0 ± 0.57" 12.6 ± 0.88`' 1.2 ± 0.05'~~' 
- 5.0 - - 0.12 - 42.3 ± 0.88' 7.0±0.57"k 1.6±0.08"'" 
- 5.0 - - 0.25 - 47.0 ± 0.57` 11.3 = 0.88i1er 2.1 ± 0.15`' 
- 5.0 - - 0.5 - 37.3±0.66'" 9.0±0.571 '" 1.3±0.12°k 
- - 5.0 - 0.12 - 36.0 ± 2.51" 5.0 f 0.57"' 1.1 ± 0.03'x" 
- - 5.0 - 0.25 - 40.0±0.57' 7.3±0.88"  1.9 ± O.O5 " 
- - 5.0 - 0.5 - 30.0±0.57' 6.Ot0.57"' 1.0±0.12"l 
5.0 - - - - 0.12 62.0± 1.52 ` 14.6± 1.45c 3.4±0.08" 
5.0 - - - - 0.25 81.3± 1.45`" 24.6±0.88'' 4.4±0.08' 
5.0 - - - - 0.5 60.6+0.88` 20.00.57' 2.4±0.15,`  
- 5.0 - - - 0.12 51.0±0.574 10.0f0.57`'K 2.3±0.21~ r` 
- 5.0 - - - 0.25 61.6 ± 120 ` 12.3 f I.20"' 3.4 ± 0.15" 
- 5.0 - - - 0.5 52.0 + 1.73" 11.3 t 0.88' 2.5 ± 0.29, 
- - 5.0 - - 0.12 35.3±2.02" 6.0±0.57" 1.5 ± 0.05" 
- 5.0 - - 0.25 40.3 f 0.66" 8.3 ± 0.88g"' 2.0 ± 0.03`'x' 
- 5.0 - - 0.5 36.3 ± 2.33" 7.3±0.88h1jk 1.0±0.11' 
Values represent means ± SE. Means sharing the same letter within columns are not 
significantly different (P=0.05) using Duncan's multiple range test. 
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M 
Fig. 21 (A & B) Initiation and formation of callus from central vein 
(CV) of leaf explant on MS medium supplemented with 15.0 µM 2,4-D, 
(C) Induction of shoot buds on MS + 7.5 pM 2,4-D + 20.0 µM AdS in 
liquid medium after 6 weeks of culture, (D) Cluster of adventitious 
shoots on MS + 5.0 µ'.VI BA + 0.25 µ:VI NAA. (Bars = I cml. 
q 
ir 
E 
Fig. 21 (E) Multiplication and elongation of shoots on MS + 5.0 
!LM BA+ 0.25 gM NAA after 8 weeks of culture. (Bar = 1 cml. 
4.3. Rhizogenesis in regenerated shoots 
4.3.1. In vitro rooting of shoots 
10 promote the formation of roots, individual healthy shoot. approximately 4 cm in 
length was separated from shoot clumps, cultured on MS or V2 MS medium. 
Regenerated shoots failed to produce roots on full strength MS basal medium. Only 
one root was formed on half strength MS basal medium after 4 weeks (Fig. 22A). The 
addition of auxin on ! _ strength MS medium was essential for healthy roots induction. 
To develop better root system, ¼ strength MS medium augmented with difterent 
auxins (IAA. IBA and NAA) separately at lower coi1centrations (0.1- 2.0 µill) or 
higher concentrations (10.0- 30.0 jM) was tried. About 10% shoots rooted on '/2 MS 
medium supplemented with 2.0 }iM IBA (Table 28). These were not capable of 
surviving under field condition. However, no significant results were observed at 
lower concentration of auxins (IAA, 113A or NAA). whereas higher range of auxins 
facilitated better rhiiogenesis (Fig. 22B,C. D). 
Furthermore. the varied morphological responses along with variation in root number 
and length were observed with respect to the direct and indirect regenerated shoots. 
Although the shoots rooted on ! : MS media augmented with different auxins (IAA, 
IBA and NSA), but the presence of IRA resulted significantly higher rooting response 
and almost a twofold increase was obtained in average number of roots and root 
length than 1;A1:\ or NAA. ANOVA revealed a significant increase in the frequency of 
rooted microshoots, number of roots per shoot and root length upto an optimal level 
of 1BA. The maximum frequency of root formation (89.0%). number of roots (8.2 ± 
0.58). and root length (3.0 ± 0.09 cm) was recorded on V2 MS medium supplemented 
with 20.0 pNI IBA within 4 weeks of inoculation in direct regenerated shoot, followed 
by NAA. where regeneration response 70.2% with 5.2 ± 0.58 roots and 2.2 t 0.13 cm 
root length were obtained at same concentration (Fig. 2213. C). The addition of IAA 
resulted in lower percentages (61.6°"0) of rooting as compared to those obtained with 
NAA and [BA at 20.0 uM (Table 29; Fig. 22D). While in callus derived shoots only 
5.6 = 0.88 roots with 3.2 ± 0.11 cm root length in 80.3% culture were observed at 
same concentration ( IBA 20.0 µM) (Table 30: Fig. 23A). Supplementation of NAA or 
IAA on ', MS medium was also less effective as compared to IBA (Table 30). IBA 
(20.0 µif) treated roots were thick with secondary root hairs, which helped in 
establishing the plantlets in soil. Therefore, the IBA was found to be superior to other 
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auxins. A comparison of the relative effectiveness of different auxins for in vitro 
rooting revealed the order of effectiveness as IBA> NAA > IAA (Fig. 22B,C,D). 
Table 28: Effect of 'V2 MS medium augmented with low concentration of 
different auxins on rooting of in vitro raised microshoots after four 
weeks of culture 
Auxins (µM) -  % Rooting Mean no. of Mean root 
IAA 	IBA 	NAA roots/shoot length (em) 
0.1 	- 	- 0.0+0.000 0.0f0.00` 0.0±O.00e 
0.5 	- 	- 0.0 t 0.009 0.0 f 0.00°  0.0' 0.00a 
1-0 	- 	- 0.010.00,  0.0,0.00` 0.0+0.00,  
1.5 	- 1.8 f 0.37ct 1.2f 0.20 061 0.I4t 
2.0 	- 	- 2.6 ± 0.24'` 1.4 t 0.24ab 0.9 t O.05 
- 	0.l 	- 0.0+0.008 0.0to.00` 0.0±0.009 
- 	0.5 	- 1.4±0.24 1.0±0.54' I.1 ±0.23 t`l  
I.0 	- 4.2t0.37c 14024th 1.3±0.10` 
1.5 	- 6.4-0.40°  1.8±0.37"" 1.610.12" 
2.0 	- 10.010.31' 2.210.37" 1.9f0.05s 
- 	0.1 0.0±0.008 o.o+o.aoc 0.0=aoo= 
- 	05 0.0±0.009 0.01,0.00°  0.0±0.00' 
- 	- 	1.0 1.61 0.501 1.0 f 031h 0.7 ± 0.07 1` 
- 	- 	1.5 2.2+0.37"' 1.2±0376 1.0±0.05cd  
- 	- 	2.0 2.8± 0.37' 1.4 f 0.50 b 1.1 f o.05ca  
Values represent means f SE. Means sharing the same letter within columns are not 
significantly different (P=0.05) using Duncan's multiple range test. 
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Fig. 22 (A) Induction of single root in microshoot (direct 
regenerated) on '/ MS medium after 4 weeks of incubation. 
In vitro rooted shoots (direct regenerated) cultured on (B) '/2 
MS + 20 µM IBA, (C) '/2 MS + 20 µM NAA, (D) '/2 MS + 20 
µM IAA after 4 weeks. [Bar = 1.4 cm for B; 1 cm for A, C, 
Dl. 
Table 29: Influence of higher concentrations of different auxins in '/Z MS medium 
on in vitro rooting of the microshoots after 4 weeks of culture 
auxins (µM) 
l.t t 113A NAA 
10 	- 
% Rooting 
29.4t 1.16' 
Mean no. of 
roots /shoot 
1.4 ± 0.24` 
Mean root 
length (cm) 
1.0±0.07" 
20 	- 	- 	61.6± 1.43` 3.2±0.48" 1.2±0.06" 
30 	- 	- 	50.8 ± 1.15° 2.2 	0.73`'` 1.1 ± 0.13`' 
- 	10 	- 	70.0±0.63" 3.8±0.581"`' 2.1 ±0.12" 
- 	20 	- 	89.0±2.444 8.2±0.58`' 3.0±0.09" 
30 	- 	60.2±2.15 5.0+0.54"` 2.3±0.18" 
- 	- 	10 	52.0 ± 2.51' 3.0 	: 0.70"` 1.9 0.14" 
- 	- 	20 	70.2 ± 0.66" 5.2±0.58' 22±0.13b` 
- 	- 	30 	41.0k 1.18` 3.4 ± 0.50"' 1.8 ± 0.06` 
Values represent means --- SE. Means sharing the same letter within columns are 
not significantly (hiterent (P=O.U5) using 1)uncan's multiple range test. 
Table 30: Effect of auxins on in vitro root induction in shoots obtained from 
dedifferentiated tissue on '/2 NIS medium after 4 weeks of culture 
Plant growth regulators (µ`I) % Regeneration Mean no. of Root length (cm) 
IAA I13A NAA roots/shoot 
10.0 - - 11.0±0.57±' 1.0±0.57"  
20.0 - - 15.6±0.33' 2.6-±0.88" 1.2=0.10ef 
30.0 - - 09.6±0.33- 1.3±0.33" 1.1 ±0.13" 
l0.0 - 65.3±0.33'' 3.3±0.88"n 2.4±0.10" 
20.0 - 80.3±0.33, 5.6±0.88" 3.2 	0.11`' 
30.0 - X5.6±2.8.1` 2.6f0.88'' 1.310.09` 
- 10.0 33.3 ± 2.40" 2.3 t 0.88" 1.7 f 0.09`' 
- 20.0 44.6 ± 1.76` 3.6 ± 1.20'~n 2.1 ±0.08t) 
- 30.0 22_.6w3.17` 2.0±0.7" 1.4±0.31 J`  
Values represent means = SE. Means sharing the same letter within columns are not 
significantly different (i'=0.05) using Duncan's multiple range test. 
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4.3.2. Ex vitro rooting 
Lx vitro rooting was conducted to simplify tissue culture protocols, to decrease the 
production cost and also to reduce the time from laboratory to field establishment. 
Rooting was carried out as described in chapter 'materials and methods'. Among the 
different concentration of IBA tested, the best results were recorded at IBA (200 ltM) 
as it gave the maximum number (10.0 f 0.70) of roots per shoot with root length (3.7 
t 0.36 cm) after 4 weeks of transplantation (Table 31; Fig. 23R.C), While, 50 µM 
IBA was futile, no root induction was observed. Furthermore, at 100 µM and 150 uM 
IBA solution. the induced roots were very thin and weak. Resides, basal callusing 
was evident at higher concentration of IBA (250 µM) even after 4 weeks of transfer. 
Table 31: Effect of different concentrations of IRA on ex-nitro rooting of 
microshoots after 4 weeks of transfer 
Mean no. of Mean root 
IBA (µM) '% Rooting roots/shoot length (cm) 
50 0.0±0.00` 0.0±0.00 0.0±0.00 
100 	33.4± 1.88`' 	1.6±0.40°1 	1.4 ± 0.05` 
150 	51.8+2.15` 	2.0 + 0.54° 	1.8 ± 0.07' 
200 	71.0 ± 1.00° 	10.0 t 0.70' 	3.7 = 0.36°  
250 	60.4+3.18° 	4.6 0.87 	2.1 =O.06' 
Values represent means= SE. Means sharing the same letter within columns are not 
significantly different (P=0.05) using Duncan's multiple range test. 
4.4. Acclimatization 
The small plantlets with 4-5 fully expanded leaves and well developed roots were 
successfully hardened off inside the growth chamber in a selected planting substrate 
for 4 weeks and eventually established in field condition. The survival percentage of 
plants under ex vitro conditions was affected by the planting substrates used. Among 
the three planting substrate tested, maximum (81%) survival was observed in soilrite, 
whereas 59% and 43% plantlets survived in garden soil and vermiculite respectively 
after 4 weeks of transplantation under growth chamber (Table 32: Fig. 24A,B,C). 
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Fig. 23 (A) Rooted shoot (obtained through indirect organogenesis) 
on '/2 MS medium supplemented with 20.0 piM IBA after 4 weeks of 
culture, (B & C) Ex vitro rooted plantlet following pulse treatment 
with 200 pM IBA (30 min) after 4 weeks of transfer. )Bars = 1 cml. 
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Soilrite being, more porous substrate holds more water than vermiculite and garden 
soil, and thus promoted better growth of tender roots of tissue culture raised plants 
during hardening. 
for proper adaptation of soilrite exposed plants to normal field conditions, different 
mixture of soil as garden soil : organic manure (1:1), garden soil, : soilrite (1:1) and 
garden soil : sandy soil (1:1) were also evaluated. The primary acclimatized plants on 
soilrite when transferred to normal garden soil with organic manure showed about 
66% survival rate. while 75% survival was observed in garden soil : soilrite (1:1) 
mixture (Fig. 25). 85% of plants with healthy green leaves survived in garden : sandy 
soil (1:l) after 4 weeks of transplantation (f=ig.. 25 & 26A.B). Furthermore, increased 
acclimatization period upto 8 weeks also played vital role to enhance survival rate in 
field condition. where maximum 88.0% survival rate was recorded in garden : sandy 
soil (1:1) (Fig. 25 & 26C). The micropropagated plants showed uniform morphology 
and the growth indicated stability of plants free from visible abnormalities. 
Table 32: Influence of different planting substrates for hardening off in vitro 
raised plantlets 
Substratum 	`umber of plants transferred 	% survival rate in growth 
chamber after 4 weeks 
Vermiculite 	 50 	 43.3 1- 0.88` 
Soilrite 	 50 	 81.0 ± 0.57'' 
Garden 	 50 	 59.6 ± 0.88 `' 
Values represent means ± SE. Means sharing the same letter within columns are not 
significantly different (P=0.05) using Duncan's multiple range test. 
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Fig. 25: Effect of different planting substrates for acclimatization of in vitro 
raised plantlets in field condition after 4 and 8 weeks of transfer. Bars 
represent means ± SE. Bars denoted by the same letter are not 
significantly different (P=0.05) using Duncan's multiple range test. 
4.5. Somatic embryogenesis 
4.5.1. Induction and development of direct somatic embryos 
The internodal segments (1.0 cm) (Fig. 28A) when cultured on MS basal medium 
without hormonal supplementation did not show any response even after 4 weeks of 
incubation. However. when the medium was augmented with different concentrations 
of 2.4-1) (5.0 — 25.0 µM), there appeared small clusters of protuberances on the cut 
edges of the explants after an incubation period of 5-6 weeks (Fig. 2813,0). 
Subsequently, these structures spread to the whole surface of explants and got 
differentiated into globular shaped embryos after 6 weeks of culture ('Table 33). 
Embryos were round, elongated and creamish in appearance (Fig. 281)). 
Among the different range of 2.4-D tested. 10.0 pM 2.4-D gave the maximum 
(70.4%) production of globular embryos (Fig. 28 D). while, at higher concentration of 
2.4-D (25.0 µM). the frequency was considerably reduced (11.6%) (Table 33). 
Prolong culture in 2.4-D containing medium did not support further differentiation, 
but instead recallused. 
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Fig. 26 (A & B) Acclimatized plantlets in garden + sandy soil (1:1) after 
4 and (C) 8 weeks of transplantation . I  Bars = 1 cm]. 
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Fig. 27 (A) Shoot bud induction from axil of nodal explant, (B) 
Longitudinal section showing an axillarw• bud with well developed apical 
meristem (AM) and leaf primordia (LP), (C & D) Histological sections 
showing the emergence of multiple shoot buds with leaf primordia in 
nodal explants (arrow). [Bars = 100 gmJ. 
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Fig. 28 Plant regeneration N is direct somatic cnibrN ogenesis (A) 
Internodal explants (B) Swelling of explants on MS + 10.0 µM 2,4-D, (C) 
Protrusion of direct embryos at cut surface of explant on same medium, 
(D) Cluster of globular somatic embryos on MS + 10.0 µM 2,4-D after 6 
weeks of culture, (E & F) Heart shaped embryo differentiated on MS + 
10.0 µM 2,4-D + 1.0 µM BA after 7 weeks of culture (arrow•). IBar = 1 
cm for A, B; 0.2 mm for C; 0.5 mm for D, E, FJ. 
Table 33: Influence of different range of 2,4-Din MS medium on direct sumatic 
embryos formation from internodal explants after 6 weeks of culture 
Plant growth regulator 	% globular 	Mean number of globular 
2,4-D (µM) 	 embryos embryos 
	
5.0 	 29.8= 1.59° 	 17.2±0.73°  
10.0 	 70.4 ± 0.81' 	 42.8 t 0.86' 
15.0 	 27.2 ±0.86' 	 15.8 ± 0.666 
20.0 	 19.4±0.50` 	 11.2' 0.860 
25.0 	 11.6 ± 0.67' 	 7.6±0.67^ 
Values represent means t SE. Means sharing the same letter within columns are not 
significantly different (P-0.05) using Duncan's multiple range test. 
4.5.2. Combined effect of auxin and cytokinin on somatic embryos differentiation 
When globular embryos (along with explants) were transferred to a medium 
containing 10.0 µM 2,4-D along with a range of BA (0.1-2.0 µM), further 
differentiation could be recognized with regard to color and texture. These embryos 
passed through each of the typical developmental stages resembling their zygotic 
counter parts, as heart shaped after 7 weeks (Fig. 28E,F) and torpedo after 8 weeks 
(Fig. 28 G,H). During their development, somatic embryos progressively accumulated 
chlorophyll pigments and turned light green and were distinguishable from non-
embryogenic tissues. 
Among tested combination, BA (1.0 LM) along with 10.0 µM 2,4-D showed the 
highest frequency (69.0%) with maximum (40.4 t 0.50) number of heart shaped 
embryos after 7 weeks of culture (Fig. 28G,F). While in another one week of 
incubation. 37.0 ± 0.70 number of torpedo embryos in 65.4% of cultures were formed 
(Table 34; Fig. 28 G,11). Increasing concentration of BA, beyond optimal 
concentration inhibited further differentiation of embryos. In addition, on the same 
medium torpedo embryos did not attain cotyledonary stage (maturation) even after 10 
weeks of incubation but exhibited an increased tendency for root pole growth without 
developing shout apex (Fig. 28H). They grew very slowly or stopped growing. 
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Table 34: Effect of auxin and cvtokinin combination on somatic embryo 
differentiation after 7 and 8 weeks of culture 
freatment (µ.V1) 	 Embryos 
2,4-D BA 	Heart shaped (%) 	Number of heart Torpedo shaped (%) 	Number of (7 weeks) 	shaped embryo 	(H weeks) 	torpedo embryo 
10 0.1 29.410.50` 16.8f0.58` 17.6+0.50` 9.0tLoos` 
10 0.5 38.0+0.83" 19.0±0.316 19.2±0.37' 10.8±0.37" 
10 1.0 69.0+0.703 40.4+0.50' 55.4+0.50' 37.0!-0.70" 
10 1.5 18.8±0.86' 12.0±0.70" 11.8±0.58" 8.6±0.50`' 
10 2.0 9.4+0.67` 9.8+0.37` 7.6+0.67 6.8+0.58°  
Values represent means f SE. Means sharing the same letter within columns are not 
significantly different (P=0.05) using Duncan's multiple range test. 
4.5.3. Maturation of somatic embryos in liquid medium 
The most critical step in somatic embryogenesis is the maturation process, specifically 
the ability to germinate and produce plantlets. Isolated torpedo embryos were 
transferred to liquid MS medium containing different strength of BA (0.1-1.0 pM) 
alongwith ABA (0.5-1.5 µM) or combination with NAA (0.1-2.0 laM) to facilitate 
embryo maturation while the remaining tissue with embryos at early developmental 
stages were recultured on fresh medium (2,4-D + BA). Frequency of mature embryos 
depended on BA along with ABA. However, removal of 2,4-D was mandatory for the 
maturation of embryos. On media containing different levels of BA and ABA, a 
variation in conversion of torpedo embryos into mature embryos was noticed. Among 
the different concentrations tested, 0.5 uM BA alongwith 1.0 µM ABA was found 
most effective, on which highest yield (58.0%) with an optimum number (35.0 t 
0.57) of mature embryos (cotyledonary stage) were obtained after 2 weeks of transfer 
(Table 35: Fig. 28 I J,K), while BA (0.1 µM) alongwith 0.5 µM ABA was found futile 
for conversion into mature embryos. Mature somatic embryos had two cotyledons, 
which differ in size and shape (Fig. 283 KM). 
In addition, presence of NAA to the maturation medium with BA and ABA 
significantly reduced the regeneration frequency as compared to the medium with RA 
and ABA alone. 'this effect was directly correlated to the NAA concentration, such 
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Fig. 28 (G & H) Torpedo stage embryos with distinct shoot and root 
pole on MS + 10.0 µM 2,4-D + 1.0 pM BA after 8 weeks of culture 
(arrow), (1, J & K) Somaic embryos at the cotyledonary stage on liquid 
MS + 0.5 µM BA + 1.0 pM ABA after 2 weeks of transfer (arrow), (L) 
Germinated embryos with elongated shoot and roots on liquid '/2 MS 
medium after one week of transfer. [Bar = 1 mm for G, H; l cm for I, 
J, K, LI. 
that at the different concentrations tested (0.1-2.0 µM NAA), plant regeneration was 
suppressed to a rate of 20.3% at 2.0 µM NAA (Table 36). 
4.5.4. Germination and conversion into plantlets 
Growth of somatic embryos proceeded when cotyledonary stage embryos were 
cultured on hormone free MS liquid medium. The effect of various strength of MS 
(MS, '/,, '/A or ¼) basal medium on conversion and germination is presented in fig. 29. 
Highest (68%) response with maximum number (33.3 ± 0.88) of germinated embryos 
(small plantlets) was obtained on '/, MS medium after one week of transfer (Fig. 28 L 
& 29). Only embryos showing both elongation of root and shoot were considered to 
as germinated emblings or plantlets (Fig. 28 M,N). 
Well developed plantlets were transferred to pots containing sterile soilrite for 4 
weeks (Fig. 28 0) and were maintained under lights in the growth room. The 
transplanted plants appeared normal and continued to grow showing the development 
of new leaves in field condition where about 60% plants survived and exhibited 
normal growth. 
Table 35: Effect of liquid MS medium containing different concentrations of BA 
and ABA on somatic embryos maturation 
Treatment (ItM) 	Mature embryo Number of mature embryos 
BA 	ABA 	frequency (%) 	(cotyledonary stage) 
0.1 0.5 00.0=0.008 0.010.00 
0.5 0.5 11.0+0.57` 3.0±0.57` 
1.0 0.5 7.6 ± 0.33' 1.3±0.33°' 
0.1 1.0 20.3 t 1.45` 8.3 ± 0.88` 
0.5 1.0 58.0± 1.15' 35.0+0.5? 
1.0 1.0 26.6 ± 0.88°  11.3 
0.1 1.5 18.6 ± 1.20 10.0±0.57"` 
0.5 1.5 14.3f0.33d 9.3±I.20' 
1.0 	1.5 	10.0±1.00" 	 6.0±1.00°  
Values represent means ± SE. Means sharing the same letter within columns are not 
significantly different (P-0.05) using Duncan's multiple range test. 
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Table 36: Influence of different range of NAA alongwith optimum concentration 
of BA and ABA on somatic embryos germination in liquid MS 
medium 
Treatment (µM) Mature embryo Number of mature 
BA ABA NAA frequency (%) embryos 
0.5 1.0 0.1 54.6 f 0.66a   27.6 + 0.88" -- 
0.5 1.0 0.5 49.0t0.57h  21.6± 1.20" 
0.5 1.0 1.0 40.3 + 0.88` 18.0 ± 0.57` 
0.5 1.0 1.5 30.0±0.57' 12.0 ± 1.15` 
0.5 1.0 2.0 20.3±0.33` 9.3 ± 
Values represent means ± SE. Means sharing the same letter within columns are not 
significantly different (P=0.05) using Duncan's multiple range test. 
MS 	1 2 MS 	I? %IS 	14 MS 
Medium strength 
Fig. 29: Effect of different range of MS medium on embryo germination and 
plantlets conversion after 4 weeks. Values represent means ± SE. 
Means sharing the same letter within columns are not significantly 
different (P=0.05) using Duncan's multiple range test. 
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Fig.  28 (M) Somatic embryos at different development stages, (N) Somatic 
embryos derived well-developed small plantlets, (0) Acclimatized plantlet 
in sterile soilrite. (Bars = 1 cmI. 
4.6. Histologist and scanning electron microscopical (SEM) studies of somatic 
embryos 
Somatic embryogenesis was confirmed by the study of histo-differentiation and 
scanning electron microscopy. 
4.6.1. Histological study of somatic embryos 
A histological study of the embryogenic tissue was performed after 6 weeks of 
somatic embryo induction. Study revealed that the somatic embryos appeared 
simultaneously at different developmental stages. The somatic embryos started their 
development at the stage of globular to cotyledonary shape. Initially small 
protuberance (Pro-embryonic structure) appeared at the cut end of explants (Fig. 30A) 
and after rapid division, these protruding outgrowths switched to globular embryos 
(Fig. 30B.C). 
Dunne the transition from somatic pro-embryonic structure to globular embryo, a 
suspensor like structure developed connecting the globular embryos to parent explants 
(Fig. 30R). Globular embryos continued to increase in size and progressed to heart 
shaped with distinct lobe and closed vascular bundles within 7 weeks of culture (Fig. 
30D). On the other hand, no vascular connection was observed between a somatic 
embryo and surface cells of explants_ The heart stage embryo further elongated and 
developed into torpedo stage embryo (Fig. 30E) and ultimately formed small plantlets 
with distinct cotyledonary leaves, shoot apical meristcm and root pole in liquid 
medium (Fig. 3(W). In all samples observed, there was a distinct limiting epidermis 
surrounding the somatic embryos with no visible vascular connection to the parent 
explant (Fig. 30G). 
4.6.2. Scanning electron microscopical (SEM) analysis 
Histological observation of somatic embryo development under stereozoom 
microscope gave its only information concerning the change of their shape but SEM 
analysis provide more information about their surface changes during development. 
At the beginning of the culture, SEM revealed that small swelling appeared on 
expanded interracial explants after 4 weeks on MS medium supplemented with 2,4-D. 
At 5 weeks, these swelling like structure solely converted into an oval or oblong cells. 
After 6 weeks, these cells became turgid and formed pre-embryo like structure, could 
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easily be differentiated from other nonmcristematic cells and characterized by 
granular extracellular materials (ECM, Fig. 31 A,R). 
As the time increased, these proembryos gradually switched to globular embryos (Fig. 
3 IC). Globular embryos, were high in number but varied in shape (round to elongate) 
and produced continuously. Embryos got clustered together in a common mass and 
could not be easily detached from the parental tissue. The continuous proliferation of 
these embryos led to the multieellular, three lobed heart shaped structures, where 
shoot pole (cotyledon initial) were separated from the root pole without extracellular 
matrix (Fig. 31D). These heart shaped embryos proceeded into torpedo embryos, 
where root pole was prominent (Fig. 31E,F). The extracellular matrix was gradually 
degraded as the embryos grew to its maturity. On transferring to liquid medium, these 
torpedo shaped embryos could be characterized by well differentiated cotyledons and 
root pole (Fig. 31G). Beside the normal forms and appearance, SEM studies also 
revealed various morphological deviations in embryo structures. 
4.7. Synthetic seeds 
4.7.1. Effect of alginate concentration on head formation 
Concentration of sodium alginate and calcium chloride which affects the gel matrix 
and capsule quality is one prerequisite for the application of synthetic seed technology 
in micropropagation. In present study, the formation of encapsulated beads in respect 
to shape, texture and transparency, influenced by different concentration of sodium 
alginate (1, 2. 3, 4 and 5%) with calcium chloride (25, 50, 75, 100 and 200 mM) 
(Table 37,38). An encapsulation matrix of 3% sodium alginate with 100 mM of 
CaC12.2H20 was found most suitable for the formation of clear and uniform beads 
(Table 37; Fig. 32A) and subsequent conversion of encapsulated nodal segments into 
plantlets. Lower concentration of sodium alginate [2% (w/v)] or CaCh.2H20 (25 
mM) not only prolonged the polymerization but also resulted in beads without a 
defined shape and were too soIl to handle, whereas at higher concentrations of sodium 
alginate (4 5%) or CaC12.2H20 (200 mM), the beads were hard enough to cause 
considerable delay in germination (fable 37, 38). 
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Fig. 30 (A) Histological section showing the formation of 
protuberances on cut surface of explant (arrow), (B & C) 
Globular embryo formation with suspensor like structure 
(arrow), (D) Bipolar heart shaped embryo with vascular traces 
(arrow) . (Bars = 100 µml. 
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Fig. 30 (E) Torpedo stage embryo, (F) Longitudinal section of 
germinated embryo with distinct cotyledon, root pole and 
vascular bundle (arrow), (G) Photomicrographs showing mature 
embryos with shoot tip and root tip on surface of explant (Exp., 
arrow) . [ Bars = 100 µml. 
1 
4 
1 
t' 
Ii 	
U 
r.  
Fig. 31 Scanning electron microscopic (SE\1) study of direct somatic 
embryogenesis, (A & B) Proembryonic cells with exracellular matrix 
(ECM) (arrow), (C) Globular embryos developed on the surface of 
explant, (D) Heart shaped embryo with distinct notch (arrow). (Bar = 
100 µm for A, B; 500 µm for C, Dl. 
Fig. 31 (E & F) Torpedo shaped somatic embryos showing elongated 
root with shoot pole (arrow), (G) Cotyledonary stage of somatic 
embryo with two cotyledons. I  Bars = 200 µml. 
4.7.2. 1'lanticts formation from alginate encapsulated nodal segments 
In vitro response of the encapsulated nodal segments is summarized in table 39. Four 
different combination of cvtokinins and auxin were tried to evaluate the best response 
of encapsulated beads for conversion into complete plantlets. Emergence of shoots 
started by breaking the capsule wall after 2-3 weeks of culture on different c}-tokinin-
auxin regimes (Fig. 3213.C). The frequency of shoot development on the different 
culture media varied according to medium composition (Table 39). MS medium 
augmented with 7.5 µ\l 13A and 0.5 µM NAA gave the maximum frequency (66.0%) 
of conversion of encapsulated nodal segments into complete plantlets after 8 weeks 
(Table 39: Fig. 32D). Shoots were morphologically normal with healthy roots (Fig. 
32E). Considerable conversion (50.3%) response was also obtained on Kn (7.5 µM) 
and NAA (0.5 µM1) combination after 8 weeks of culture. 
Table 37: Effect of different sodium alginate concentrations with optimum CaC12 
concentration on the formation of synthetic seeds on '/~ N1S medium 
Sodium alginate (% v/v) Calcium Chloride (m`I) 	% conversion response 
	
1.0 	 100 	 0. 0 ___ 0.00` 
2.0 	 100 	 10.6 ± 0.66' 
3.0 	 100 	 84.0 ± 0.73 
4.0 	 t 00 	 60.3 ± 0.88b 
5.0 	 100 	 32.6 ± 0.66` 
Values represent means _ SE. Means sharing the same letter within columns are not 
significantly different (P=-0.05) using Duncan's multiple range test. 
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Table 38: Effect of various concentration of calcium chloride with optimum 
range of sodium alginate (3%) on the formation of synthetic seeds on 
'/: NIS medium 
Sodium alginate (% w/v) Calcium Chloride (mNI) 	% conversion response 
3.0 	 25 	 00.0 ± 0.00 
3.0 	 50 	 00.0 t 0.00d 
3.0 	 75 	 44.6 ± 0.33b 
3.0 	 100 	 84.0 ± 0.57`' 
3.0 	 200 	 32.3 ± 
Values represent means ± SE. Means sharing the same letter within columns are not 
significantly different (P=0.0) using Duncan's multiple range test. 
Table 39: Effect of different plant growth regulators on conversion of 
encapsulated nodal segments into plantlets after 8 weeks of culture 
on ISIS medium 
Treatments 	 % Conversion response 	Mean number of 
into plantlets 	 Shoots 
MS + 13A (7.5 µM) + NAA (0.5µM) 	 11.57" 2.6 -_- 0.88' 
MS + Kn (7.5 ).tM ) + NAA (0.5 µM) 
MS + TDZ (0.8 µM) 
MS +- 2-iP (75 pM) + NAA (0.5 µM) 
	
50.3±0.88' 	 0.57a  
32.3±1.20 	 1.6f0.66a 
13.6-= 1.85` 	 1.0 1 0.57' 
Values represent means t SE. Means followed by the same letter within columns are 
not significantly different (P=0.05) using Duncan's multiple range test. 
Furthermore, low regeneration (32.2%) frequency was opted on MS medium 
supplemented with T1)Z (0.8 pM). The frequency of shoot and root emergences per 
synthetic seed decreased when beads were cultured on 2-iP (7.5 pM) + NAA (0.5 
pM). Both root and shoot formation took place in the same medium but roots 
developed were very thin and difficult to handle on 2-iP and NAA treated beads. 
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Fig. 32 (A) Synthetic seeds formed by the encapsulation of nodal 
segments in 3 % sodium alginate and 100 mM CaCl2. 2H20. 
(B & C) Shoot emergence from encapsulated beads on MS + BA (7.5 
µM) + NAA (0.5 µM) after 4 weeks. [Bars = I cm]. 
4.7.3. Low temperature storage 
A desirable feature of the encapsulated nodal segments or axillary/apical shoot buds is 
their ability to retain viability in terms of germination/sprouting potential even after a 
considerable period of storage. Low temperature and high humidity were essential 
conditions for retention of viability and thus fir storage of encapsulated nodal 
segments. Keeping it in mind, influence of different storage time (0, 1. 2. 3. 4. 5. and 
6 weeks) on regeneration frequency of' auxin pretreated encapsulated and non-
encapsulated nodal segments stored at 4°C was also evaluated. Encapsulated nodal 
segments showed higher resistance than non-encapsulated shoot segments stored at 
4°C'. Encapsulated heads did not show any significant loss of plantlets conversion 
frequency upto 4 weeks of storage (Fig. 33). Four weeks old, cold storage 
encapsulated beads at 4°C exhibited the maximum con version (64.6%) frequency with 
highest number (3.6 ± 0.66) of shoots and (5.3 f 0.33 cm) roots. on MS medium 
supplemented with 7.5 pM BA and 0.5 pM NAA after 8 weeks of culture (Fig. 33). 
whereas non-encapsulated nodal segments gave a low conversion frequency (47.6%) 
on same treatment (Fig. 34). The alginate matrix with necessary ingredients served as 
artificial endosperm. providing nutrients to encapsulated explants for re-growth. 
However, longer exposure beyond 4 weeks significantly reduced the conversion 
frequency into plantlets. Data analysis depicted that frequency to plantlet conversion 
of synthetic seeds decreased gradually as the storage duration at 4°(' increased beyond 
4 weeks. A decline graph was observed in percent conversion response. only 38.6% 
and 16.0% frequency \tias observed in encapsulated heads after 5 and 6 weeks storage 
duration respectively (Fig. 33). 
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Fig. 33: Effect of storage duration (at 4°C) on conversion of encapsulated nodal 
buds into plantlets on MS + 13A (7.5 µM) + NAA (0.5 µM) after 8 weeks 
of culture. Values represent means ± SE. Means followed by the same 
letter within columns are not significantly different (P=0.05) using 
1)uncan's multiple range test. 
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Fig. 34: Effect of storage duration (at 4°C) on conversion of non-encapsulated 
nodal buds into plantlets on MS + BA (7.5 µM) + NAA (0.5 µM) after 8 
weeks of culture. Values represent means ± SE. Means followed by the 
same letter within columns are not significantly different (P=0.05) 
using Duncan's multiple range test. 
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Fig. 32 (D) Plantlet regeneration from synthetic seeds on MS + BA (7.5 
µM) + NAA (0.5 µM) after 8 weeks of culture, (E) Complete plantlet with 
well developed shoots and root, (F) Direct germination of synthetic seeds 
in soilrite. IBars = I cml. 
Non-encapsulated segment showed only 18.0% response with 1.0 ± 0.57 shoot 
without roots at 5 weeks storage duration. At 6 weeks of cold storage. non-
encapsulated beads became futile and not any regeneration was observed (Fig. 34). In 
short. the development of plantlets by encapsulated nodal segments decreased as the 
period of' storage increased beyond 4 weeks and completely stopped after 6 weeks. 
4.7.4. Establishment of plantlets in soil using encapsulated and non-encapsulated 
nodal segments 
Auxin pretreated encapsulated and non- encapsulated nodal segments were directly 
so\\n in autoclaved soilrite moistened with '/2 MS medium or tap water. The best 
conversion Frequency (55%) of encapsulated nodal segments into plantlets under ex-
Ofro condition was observed on sterile soilrite with '/: MS medium after 6 weeks (Fig 
32F). Non-encapsulated nodal segments failed to regenerate under similar condition. 
Plantlets with full\, developed shoots and roots retrieved from encapsulated nodal 
segments were removed From thermocol cups containing sterile soilrite and transferred 
to pot containing sandy + garden soil (1:1) and maintained in green house where they 
grew normally with 85% survival. 
4.8. Assessment of ph%siological and biochemical parameters 
4.8.1. Assessment of physiological parameters 
4.8.1.1. Photosynthetic pigments 
In vi/"a raised regenerants of .-1Ithaca ot/1CimFlF.V with low (50 p mol ni2s-I ) and high 
(300 p mol m-`s-I ) PPFD exhibited considerable increase in photosynthetic pigments 
(chl a. h) and carotenoid contents throughout the acclimatization period (Fig. 35, 36 & 
37). After an initial decrease during 7 days of transplantation. on subsequent days 
(upto 28 days) when new leaves appeared. a significant increase in both chlorophyll 
(a and b) was recorded as compared to control plantlets. Although. with the exposure 
to varying light intensities, continuous generation (increment) of chi a and b contents 
was obser\ed under both light intensities but high light (HI.) intensity has been found 
more conducive than low light (LL) intensity for the generation of photosynthetic 
pigments, as was clearly exhibited by 15% increase level of chl a and b over LL 
exposure at day 28. The ('hl it in new leaves increased significantly from 13% to 49% 
at LI. and 3.5% to 56% at IIL intensity against 0 day plantlets (Fig. 35). A similar 
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pattern was observed for Chi b where a gradual increase from 12% to 56% at LL and 
9% to 65% at I-iL intensities was recorded (Fig. 36). 
Likewise. carotenoid contents increased significantly from 35% at day 0 to 59°%o at 
day 28 of acclimatization period under low (LL) and 48% to 84.9% at high light (HL) 
exposure. No sign of' reduction was observed from 14 to 28 days of acclimatization. 
HL intensity appeared more potent than LL intensity to enhance pigment levels (Fig. 
37). 
4.8.1.2. Net photosynthetic rate 
Net photosynthetic rate was also measured at day 0, 7, 14. 21 and 28 of' ex vino 
transplantation under low (LL) and high light (HL) intensities. Immediately (0 to 7 
day) acclimatized plantlet showed decreasing trends for photosynthetic rate in both 
treatments (LI, and ILL) against control plant. While, from day 7 onward, plant PN 
increased gradually under low and high light intensity. ('omparatively, photosynthetic 
activity was faster in HL than under LL. Higher photosynthetic rate (44%) was 
observed in new leaves from day 21 to 28 days especially with HL treatment. P\ 
measured under acclimatization was significantly higher in 1-IL treatment than in LL 
treatment as compared to control one (Fig. 38). 
4.8.2. Assessment of biochemical parameters in in vitro raised plantlets 
4.8.2.1. \TD A and 11202 content 
Leaf malondialdehyde (MDA) content. the product of' lipid peroxidation is a 
prominent indicator of membrane impairment in plants exposed to stress condition. 
MDA and 11202 content was measured during acclimatization of micropropagated 
plantlets under different light treatments (Fig. 39 & 40). A time dependent changes in 
the MDA and 1-120, content were observed during the acclimatization period (0 - 28 d) 
in the culture room. Exposure of in vitro derived plantlets in different light conditions 
resulted a significant increase in MDA (In LL 4-6% and In I-IL 9- 11%) and 1-1202 (In 
LI, 3-4% and I IL 5-7%) contents during early 07 days of acclimatization as compared 
to day 0 plantlets. As the time progressed under different light upto 14 days MI)A and 
1-1202 content again remarkably increased (In LI, 18-20% and 1-1I. 24-26 %) and (LL 
17-20% and HI. 21- 24%) respectively. MDA was higher in HL treated than that in 
LL grown plantlets (Fig. 39). 
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ufficinalis acclimatized at I'PFU 50 and 300 µmol m-2s-1 for 28 days. 
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Fig. 40: Changes in the level of 11202 (µmot g t FW) content in micropropagated 
plants of .1. officina/is acclimatized at PPFD 50 and 300 µmol m-`'s- ' for 
28 days. Bars represent mean ± SF;. Bars denoted by the same letter 
within response variables are not significantl-* different (P=0.05) using 
Duncan's multiple range test. 
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At the same time. H202 was also found higher in Ill, against the LL (Fig. 40). 
However. after 14 days, a decreasing trend was observed in MDA and 11202 content 
up to 28 days. Decrease in MDA content was 27.3% in I.I. and 24.2% in I IL (l'ig. 39). 
Similarly, reduction in 11202 content was recorded under both light intensities (I.I. 
23.5% and HI. 21.0%) as compared to control (0 day) plant (Fig. 40). 
4.8.2.2. Antioxidant enzymes activities 
Proper development of antioxidative enzymes system is very essential factor to 
neutralize the damaging effects of ROS during acclimatization of the micropropagated 
plantlets to natural conditions. The changes in the antioxidant enzymatic activities of 
micropropagated plants during acclimatization were examined. Increase in SOU 
activity was noticed with increasing time of acclimatization against 0 day plants in 
both irradiances. higher SOI) activity was noticed in 111. upto 28 days of 
acclimatization as compared to 1.I, (Fig. 41). No sign of reduction was observed 
during the treatments. Furthermore. CAT activity also exhibited increasing trends 
with different light intensities during the whole period of acclimatization against 0 
day plantlets (Fig. 42). Comparatively CAT activity was much better under III. than 
LL (Fig. 42). 
Likewise, exposure of the plantlets to high light (1-11.) intensity elevated the level of 
GR activity against the control plantlets (Fig. 43). During the first 07 days of 
transplantation. GR activity was almost similar for both light irradiances. however. 
thereafter a significantly higher activity was obtained under Ill., compared to Ll, 
exposed plantlets upto day 28. In addition, IlL was more henificial to elevate the APX 
activity during the acclimatization period. At 7 h` day APX activity showed a slight 
reduction in HL intensity against the LL plantlets and on subsequent days upto 28 
days, a higher activity in APX was recorded in HL than that under LI., (Fig. 44). 
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Fig. 42: Changes in CAT content (pmol min-I mg- ' protein) in micropropagated 
plantlets acclimatized at PPFI) 51) and 300 pmol m-2s"1 for 28 days. Bars 
represent mean ± SE. Bars denoted by the same letter within response 
variables are not significantly different (P=0.05) using Duncan's 
multiple range test. 
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4.9. Assessment of genetic fidelity of in vitro regenerants derived from nodal (N) 
explants and somatic embryos using molecular markers (RAPD and ISSR) 
l'he main concern of in vitro cloning, is the occurrence of somaclonal variations and 
their methods of detection. Thus, the assessment of' genetic stability of in vitro derived 
clones is an essential step in the application of biotechnology for micropropagation of 
true-to-type clones for commercial purposes. Keeping it in view, in the present study, 
genetic stability of nodal (N) (excised from mature plant) and somatic embryos 
(developed from internodal explants) derived plants were assessed through DNA 
based markers viz. RAPT) and ISSR. 
4.9.1. RAPD analysis among nodal derived regenerants 
lo coutlrm the genetic fidelity among the nodal derived plants along with donar plant, 
a total of 40 (20. Kit 13 and 20 Kit C) RAPD primers were initially screened and 
finally 33 (17 from Kit 13 and 16 from Kit C) primers produced clear, unambiguous 
and scorable amplification products. A total of 79 bands with 3.95 bands from Kit B 
and 88 hands with an average 4.4 bands per RAPT) primer from Kit C were scored, 
which were monomorphic in nature ("fable 40). No signs of polymorphism was 
obtained during the RAPD analysis of nodal derived plants. The number of bands for 
each primer varied from 03 to 06 (OPB) and 03 to 08 (OPC). RAPI) marker profile 
produced by the primer OPB 04. (Kit B) and OPC 06 (Kit C) are shown in fig. 45 A,13 
respectively. In our study all the primers amplified scorable bands between 564 to 
2027 by molecular size range. 
4.9.2. ISSR analysis among nodal derived regenerants 
Among the 13 different tested ISSR primers, amplification products were exhibited 
only by 12 primers (Cable 41). A total of' 95 bands with an average of 7.37 bands per 
primer were amplified within the size range of 564 to 21226 by ladder DNA. Primer 
UBC 889 amplified the maximum number (10) of bands and primer UBC 825 
amplified the lowest number of (5) bands ('Table 41). Amplification pattern obtained 
with primers UBC 889 is depicted in fig 46. The banding profile was similar among 
the in vitro raised plantlets and mother plant with rest of' the primers also. No 
polymorphism was detected during the ISSR analysis of 'I'C-raised plantlets. Thus, the 
molecular analysis of 10 randomly selected regenerants exhibited complete genetic 
uniformity with the mother plant. 
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Table 40: Randomly amplified polymorphic DNA primers (RAI'D) used to 
screen ten micropropagated plantlets 
Kit 13 
S•No• 	Primers 	Sequence (5'-3') 	No of bands 
1. 	OPBOI 	I GTTTCGCTCG 	5 
Kit C 	- 	- 
Primers Sequence (5'-3') 	\o of bands. 
TTCGAGCCAG 	4 OPCO I 
2. OPB02 TGATCCCfGG 4 OPCO2 GTGAGGCGTC 6 
3. OPf303 CATCCCCCTG 3 OPCO3 GGGGGTCTTT 5 
4. OPB04 GGACTGGAGT 6 OPCO4 CCGCATCTAC 4 
5. OP1305 TGCGCCCTTC Nil OPC05 GATGACCGCC Nil 
6. OPBO6 TGCTCTGCCC 5 OPCO6 GAACGGACTC 	8 
7. 	OPBO7 	I GGTGACGCAG 4 OPCO7 GTCCCGACGA 	Nil 
TGGACCGGTG 	4 8. OPB08 	GTCCACACGG 4 OPCO8 
9. OPBO9 ' TGGGGGACTC 5 OPCO9 CTCACCGTCC 7 
10. OPB 10 CTGCTGGGAC 6 OPC I O TGTCTGGGTG 3 
1. OPB 11 GTAGACCCGT 5 OPC 11 AAAGCTGCGG 6 
12. OPB12 CCTTGACGCA Nil OPC12 TGTCATCCCC Nil 
13. OPB 13 TTCCCCCGCT 4 OPC 13 AAGCCTCGTC Nil 
14. O1'B 14 TCCGCTCTGG 5 OPC 14 TGCGTCTTG 7 
15. OPB 15 GGAGGGTGTT Nil OPC 15 GACGGATCAG 	6 
16. OPB 16 TTTGCCCGGA 5 OPC 16 CACACTCCAG 5 
17. OPB l 7 AGGGAACGAG 4 OPC 17 T J'CCCCCCAG 7 
18. OPB 18 CCACAGCGT 4 OPC 18 TGAGTGGGTG 6 
19. OP1319 ACCCCCGAAG 	5 OPC 19 GTTGCCAGCC 	5 
20 OPB20 GGACCCTTAC 5 OPC20 	ACTTCGCCC 	 5 
Total 	 88 Total 79 
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Fig. 45 RAPD PCR profile of randomly selected regenerants derived 
from nodal explant (A) A profile of polymerase chain reaction (PCR) 
amplification products from lane 1-10 micropropagated plants using 
Randomly amplified polymorphic DNA (RAPD) primer OPB 04. 
(B) A profile of polymerase chain reaction (PCR) amplification 
products from lane 1-10 micropropagated plants using Randomly 
amplified polymorphic DNA (RAPD) primer OPC 06. 
L= Marker (?.DNA/ EcoRl + Hind 111 indicated in bp), 
M = Mother plant, 
Lane 1-10 = Regenerants 
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Fig. 46 ISSR PCR profile of randomly selected regenerants derived 
from nodal explant. A profile of polymerase chain reaction (PCR) 
amplification products from lane 1-10 micropropagated plants using 
Inter sequence repeat (ISSR) primer UBC-889 
L= Marker (ZDNA/ EcoRl + Hind III indicated in bp), 
M= Mother plant, 
Lane 1-10 = Regenerants 
Table 41: Response of different UBC primers on detection of clonal stability in 
microprohagated plants of.•1. officina/is 
S.No. i 	Name of Primers 	Primer sequence (5-3) 	\o. of bands 
1. UBC 801 ATATATATATATATAT1' 	7 
GAGAGAGAGAGAGAGAC 	8 2. UBC 811 
3. UBC 825 ACACACACACACACACT 
4. UBC 827 	ACACACACACACACACG 8 
5. [BC 834 	AGAGAGAGAGAGAGAGYI' 
UBC 841 	GAGAGAGAGAGAGAGAYC 
 8 
9 6. 
UBC 855 	ACACACACACACACACY I" 8 7. 
8. UBC 866 	CTC'CTCCTCC' CCTCCTC 7 
9. [BC 868 	GAAGAAGAAGAAGAAGAA 8 
9 10. [BC 880 GGG"I'GGGG1'GGGG'I'G 
11. UBC 889 	DBDACACACACACACAC 10 
12. UBC 891 	 HVH'I'GTGTGTGTG"I'G"I'G Nil 
13. UBC 900 	ACTTCCCCAC AGGTTAACACA 8 
Total number of bands produced 	 95 
\Vhere.Y=(C.T). B=(C.G,T) (i.e.. not A). D=(A,G,T) (i.e.. not C). H=(A,C,T) (i.e., not 
G) V=(A.C.G) (i.e.. not T) 
148 
4.9.3. RAPI) and ISSR analysis among in vitro regenerants derived from somatic 
cmbrv,os 
Previously screened 33 RAPD (17 from Kit B and 16 from Kit C) and 12 ISSR 
primers were also used to check the genetic stability of plantlets obtained via somatic 
embryogenesis. All these primers produced clear and consistent banding profile in all 
selected regenerants. RAPD and ISSR profile obtained through amplification of' 
genomic DNA of somatic embryos derived plants and that of the mother plant was 
similar in all respect as discussed in previous section (4.9.1 and 4.9.2). All the hands 
generated by RAPD and ISSR primers were monomorphic with the mother plant. This 
suggested that the genetic integrity of the regenerants (obtained through somatic 
embryogenesis) was maintained and, thus, they were clones of the mother plant. 
Detail of the RAPD and ISSR profile and the products generated by these (RAPD and 
ISSR) primers for somatic embryos derived plants were similar as discussed in table-
40 and 41. Fig. 47 A. B shows RAPD amplification patterns obtained with primers 
OPB 01 and ()PC 09. respectively. ISSR amplification of 10 regenerants using primer 
UBC 834 is shown in fig. 48. No genetic changes have, thus. emerged due to culture 
stress or the technique adopted in the present study. 
Obtained observations showed that the number of bands regenerated per primers were 
greater in ISSR than RAPD. 
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Fig. 47 RAPD PCR profile of randomly selected regenerants derived from 
somatic embryogenesis (A) A profile of polymerase chain reaction (PCR) 
amplification products from lane 1-10 micropropagated plants using 
Randomly amplified polymorphic DNA (RAPD) primer OPB 01.(B) 
A profile of polymerase chain reaction (PCR) amplification products 
from lane 1-10 micropropagated plants using Randomly amplified 
polymorphic DNA (RAPD) primer OPC 09. 
L= Marker (DNA/ EcoRI + Hind III indicated in bp), 
M = Mother plant, 
Lane 1-10 = Regenerants 
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Fig. 48 ISSR PCR profile of randomly selected regenerants 
derived from somatic embryogenesis. A profile of polymerase 
chain reaction (PCR) amplification products from lane 1-10 
micropropagated plants using Inter sequence repeat USSR) 
primer UBC-889 
L= Marker (7DNA/ EcoRl + Hind III indicated in bp), 
M= Mother plant, 
Lane 1-10 = Regenerants 
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Chapter 5: 	DISCUSSION 
Since ages, herbs are being used as medicine, as they are readily available and cost 
effective_ Medicinal plants provide meaningful inputs for drugs. Majority of the 
pharmaceutical industries harness wildly growing plant populations, for the supply of 
raw materials for extraction of medicinally important compounds. Many of the 
medicinal plants are severely threatened owning to illicit and indiscriminate collection 
and destruction of natural habitats. Their loss through extinction could lead to 
considerable loss to the society. Deforestation and rapid urbanization have eroded the 
natural agro climatic spaces in which these herbs grow. 
To cope up with alarming situation, biotechnological tools have been increasingly 
applied for mass propagation, conservation of germplasm, study and production of 
bioactive compounds and for genetic improvement of the medicinal plants. 
Conservation (in situ or ex situ) of plant species is becoming an essential activity due 
to their high rates of diminishing over the globe. Plant biotechnology can play a 
significant role in increasing plant population of locally available medicinally 
important plant species and in conservation and maintenance of phytodiversity. 
Advances in biotechnology, especially in the area of in vitro culture techniques and 
molecular biology provide some important tools for improving conservation and 
management of plant genetic resources. 
Tissue culture is useful for multiplying and conserving the species, which are difficult 
to regenerate by conventional methods and save them from extinction. However, 
around the mid twentieth century, the notion that plants could be regenerated or 
multiplied from either callus or organ culture was widely accepted and practical 
application in the plant propagation industry ensued. The technique heralded as the 
universal mass clonal plant propagation system for the future and the terra 
`micropropagation was introduced to describe more accurately the processes. The 
prime concern of tissue culture studies is to develop reliable protocols that are simple, 
efficient. reproducible. cost effective, adaptable and offer a platform for genetic 
manipulation (Abuja, 1987). 
Plant tissue culture technique which paved the way for the development of modem 
biotechnology has become a powerful tool for studying and solving various problems 
of plant improvement. As our traditional wealth on plant genetic resources has been 
decreasing tremendously, these techniques have gained greater momentum on 
commercial application in the field of plant propagation. A considerable account of in 
vitro studies has been undertaken both nationally and internationally in agricultural 
and horticultural fields. Now-a-days the method for plant micropropagation has been 
well documented (Paranjothy et a/., 1990. Anis et al.. 2012a). 
In fact, a large scale application of tissue culture depends mainly on the development 
of an efficient system for multiplication, rooting and acclimatization of explants in ex 
vitro conditions. Clonal collections of medicinal species are advantageous as they can 
facilitate the conservation of targeted lines for the pharmacological properties of the 
compound of interest in large quantities from the representative samples. The tissue 
culture techniques are being increasingly exploited for in vitro propagation of 
medicinal and aromatic plants and for commercial exploitation of valuable plant 
derived pharmaceuticals (Pattnaik and Chand, 1996. Rout et al., 2000a, Faisal el al., 
2006 b, Siddique and Anis, 200R, Jahan or al., 2011 a and b). 
Considerably, in vitro morphogenesis depends on the types and concentrations of 
plant growth regulators. In order to obtain high frequency of shoot regeneration for 
related genotype, correct concentrations and combinations of auxins and cytokinins 
should he determined. Consequently. one of the most influencing factors in multiple 
shoot regeneration is the modulation of endogenous auxin to cytokinin balance 
(Thorpe, 1980). 
However, determining the explant type. correct concentrations and combinations of 
growth regulators are not enough for standerdizing shoot regeneration protocol, but 
the choice of the medium is also an essential need for in vitro cultivation and 
maximizing plant development. Culture medium is composed of inorganic salts, 
reduced nitrogen compounds, a carbon source, vitamins and amino acids. Other 
compounds may be added for specific purposes, such as, gelling agents, organic 
nitrogen compounds, organic acids and plant extracts. Throughout the history of 
tissue culture, various kinds of culture media have been developed. However, the MS 
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(Murashige and Skoog, 1962) medium is the most widely used for in vitro 
regeneration of many economic plants. 
Keeping in view the dynamic potential of micropropagation to conserve the 
germpasm, the discussion in the results obtained during the study has been discussed 
under the light of existing literature. 
5.1. Seeds germination 
Seeds are the main way of the reproduction for the majorty of plant species. Studies 
regarding germination are also important for obtaining in vitro tissue culture 
(Verpoorte, 2000). In vitro seed germination study provides information of early plant 
growth and development. The seeds of dhhaea officinalis germinated well on half ('/a) 
strength MS medium with 95.3% germination rate which is similar to Shiau et al., 
(2005) report in Haemaria discolor. MS fill, '/ and '/, medium reduces the 
germination frequency, which is in contrast to the findings of Srivastava etal., 2011, 
Montanucci et al., 2012. Ahmed e! al., 2013 in different medicinal plant species. 
5,2. Regeneration through different modes 
In general, three modes of plant regeneration, namely axillary bud proliferation, 
organogcnesis (direct and indirect) and somatic embryogenesis have been used. The 
present study covered three areas of plant regeneration. 
5.2.1. Direct plant regeneration through axillary bud proliferation 
Direct regeneration is the most desirable mode of plant formation, provides a great 
opportunity for the mass production of clonal progeny, basis for the establishment of a 
good transformation protocol. and ex situ conservation of medicinal plants. Moreover, 
it is vital to reduce somoelonal variation among in vitro raised plantlets. In this 
direction, the choice of explants is of cardinal importance and makes an absolute 
difference between success and failure in inducing regeneration in vitro. 
5.2.1.1. Explant types 
The success of micropropagation depends on the selection of a suitable plant part to 
serve as the starting experimental material. For axillary bud induction (direct 
regeneration), the most commonly used tissue explants are, the one that contain 
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meristematic ends. Regeneration through nodal segments. shoot tips, root tips and 
cotyledonary nodes is prerequisite for clonal propagation that these explants already 
harbors a pre-existing meristem. The multiple shoot induction rates and the 
morphogenetic response significantly varied to a great extent according to the explant 
type and plant growth regulators concentrations used (Ozgen et al.. 1998. Uranbcy. 
2005). Present study revealed the potential of morphogenic response using seedlings 
(cotyledonary node and nodal) as well as mature plant derived nodal explants. 
In vitro derived seedling is a better alternative for obtaining uncontaminated explants 
which are aseptically grown from surlace sterilized seeds. Seedlings derived explants. 
being juvenile are frequently used for in vitro organogenesis. as they are easy to 
establish in culture and have higher organogenic competence (Aderkas and Bonga. 
2000. Girl et ci!., 2004). A number of protocols have been developed by using 
seedling derived explants in many medicinal plants including Gossypium hirsutum 
(Rauf ei al., 2005), Nyctanthc.s arbor-/ristis (Siddique el al., 2006). Pi/iostigma 
thonningii (Ayisire et al.. 2009). C'litoria ternatea (Mukhtar et crl., 2012) and 
Withania somnitera (Fatima and Anis, 2012) etc. 
In the present investigation. axenic cultures derived from explants of in vitro raised 
seedling and nodal explants excised from mature plant were established. Among the 
different explants (cotyledonary node, aseptic nodal and nodal) tested, nodal explants 
(AN) derived from aseptic seedlings was found to be more potent for attaining the 
maximum frequency of shoot regeneration and multiplication in comparison to CN 
explants. Similar response using nodal explants has been found in a number of' plant 
species i.e. Eclihta alha (Dhaka and Kothari, 2005). ,11ucuna prune►. (Faisal ei crl.. 
2006a), C'litoria ternatia (Islmlail ei al., 2012) and ('hr j'snMcinu,n cineralIadoIiimr 
(Lindiro et al.. 2013). Regeneration from nodal segments is considered to be one of 
the most promising ways for multiplying a selected variety true to its type showing 
the same agronomic characteristics. Moreover, it can be easily manipulated, has high 
proliferation rate and maintains clonal fidelity (Jain ei al., 1990. Yadav ct al.. 1990. 
I lossain et al.. 1992. Katase, 1993, Pattnaik et cil.. 1996, Pattnaik and ('hand. 1997. 
Reddy et ci!.. 1998, Vijaya Chitra and Padmaja, 1999). Cotyledonary node (CN) 
explants reported to he most potent in many studies (Sharma and Shahzad. 2008. 
Ismail ct cil., 2012). However, in the present study. it faced second to the aseptic nodal 
153 
explants in terms of evaluated parameters. Recently, an increased interest has been 
developed in using excised cotyledonary node as an experimental plant material to 
reinforce the technique of micropropagation in a range of plant species. including 
Psora/i'a corv•lifolia (Jevakuniar and Javabalan. 2002 b). .Vvctanthe.c arbor-tristis 
(Siddique et al.. 20(16). ,lbelnroschus ntoschalus (Sharma and Shahzad, 2008) and 
Desnmclitc,nr gcnlgelictrnr (Preeti et al., 2013). 
Other than aseptic seedlings derived explants. nodal (N) segments excised from 
mature plant have good response in respect to direct plant regeneration and could not 
by pass from the view of sight. The axillary buds pertaining to remain dormant in 
natural condition for specific period depending on growth pattern of plants but the 
application of exogenous PGRs stimulates the dormant axillary bud to form multiple 
growth centers. which subsequently differentiated to form multiple shoots (Sato and 
Mlori. 2001). Researches have proved that exogenously applied cytokinins alter the 
development of axillaiy or apical meristem and promote proliferation of the 
meristematic cells in these buds and increase the number of bud primodia which 
originate from the pre-existing axillary meristem (Carmen el a/.. 2001 ). The results of 
my study are in consonant with shoot induction through nodal explants in Centella 
usialica (7 iwari cat al.. 2000) and Oclmum gralissinucm (Saha et al., 2012). 
Present study revealed that seedling derived as well as explants excised from mature 
plant have enough potential to regenerate into shoots directly but the juvenile material 
displayed comparatively higher number of shoots than mature explants. This 
differential morphogenetic response could be due to the differences in the 
physiological states of the buds from different sources (from aseptic seedling or 
mature tree) (Vieitez et al., 1993). Furthermore, according to Chaturvedi et al., (2004 
b) the variation in regeneration potential in different explants is comprehensible as 
controlled by intrinsic metabolic status of the organ. Micropropagation of some 
species including Picea ahies (Ruaud el al., 1992). Aforus austrulis (Pattnaik et al., 
1996) and Scmecai ur.. wwaearcnwm (Panda and I lazra, 2010) were enhanced by the 
use of in vitro derived material that were in a more juvenile, potentially regenerative 
state than most other tissues of mature plant. 
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5.2.1.2. Effect of plant growth regulators on axillary bud (direct regeneration) 
proliferation using different explants 
Plant growth regulators (PGRs). generally cytokinins and auxins play an essential role 
in determining the developmental pathway of plant cells and tissues in culture 
medium. The type and the concentration of hormones used depend mainly on the 
species of the plant. the tissue or organ cultured and the objective of the experiment. 
A differential response of the various levels (0.5-10.0 µM) of the tested cytokinins 
(BA. Kn and 2-iP) was observed on the aseptic and mature explants. Aseptic seedling 
explants (node. cotyledonary node) showed maximum shoots induction response as 
compared to nodal (N) explants excised from mature plant. These variable responses 
by different explant types (aseptic or mature) by using similar cvtokinins may be 
because of the differences in the endogenous level of plant growth hormone in various 
explant sources (Quoirin et al.. 1998). 
In the present investigation, shoot initiation and proliferation was found maximum on 
MS medium supplemented with BA followed by Kn and 2-iP. N6-benzylaminopurine 
(BA) is the most commonly preferred cytokinin for in vitro propagation. as it has been 
seen to stimulate cell division as well as cell elongation, activate RNA synthesis. 
stimulate protein synthesis and enzyme activity (Cronauer and Krikorian. 1984. Al 
Malki and Elmcer. 2010). The superiority of BA has been corroborated by my results. 
This study is also in accordance with the earlier reports on various plants like Qcimum 
basilicum (Siddique and Anis. 2008). G,ynura procumbens (Keng el al., 2009) and 
tl~iuhania .sonmi/era (Fatima and Anis, 2012). where BA was effective in the induction 
of maximum number of multiple shoots. 
Inspite of various cytokinins used, their concentrations appear to be main factor 
affecting multiplication rate. In Althaea officinalis maximum number of shoots was 
observed at 7.5 MM BA. while its higher concentration (10.0 µhl) did not improve any 
parameters and suppressed regeneration frequency. number of shoots and shoot 
length. An optimal concentrartion of cytokinin resulted in marked increase not only in 
RNA but also in DNA and protein synthesis leading to initiation of shoot prinlodia 
(Mok and Mok. 2001). I iowever, increase in concentration of cytokinin in the 
medium favored growth and multiplication, showed positive correlation up to an 
optimum concentration beyond which a slight decrease in the parameters was 
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recorded. Exposure of explants to higher cytokinin concentrations during induction 
phase may have led to their accumulation beyond the balanced level, which inhibited 
further shoot groth and elongation (Malik et al., 2005) 
l)'Amato. (1978) reported that application of high concentrations of growth hormones 
}or clonal propagation is often disadvantageous since they may cause various 
chromosomal abnormalities resulting in the production of non true-to-type plants. In 
this regard. there are numerous reports which show the shortcomings of using high 
level of cytokinin that produces abnormality and affects its genetic variability (Martin 
el al., 2006. Shirani et al.. 2009). Thus, RA was the best cytokinin with regard to 
shoot regeneration. Kn exhibited second best response followed by 2-iP for direct 
shoot regeneration in .•l. of/winalis. 
The synergistic influence of cvtokinin together with an auxin was also evaluated for 
their ability to affect the shoot multiplication and to optimize the medium composition 
for maximum plantlet regeneration. Enhanced shoot multiplication by addition of 
auxin along with cytokinins has been reported in many plant species (Faisal el al., 
2006 a. b. Siddique cat al.. 2006). Synergistic effect of auxins (IAA. IRA and NAA) 
with various cvtokinins was evident when combinations of optimal concentration of 
each cvtokinin with different concentrations of auxins were tested. According to 
Mendoza and Kaeppler (2002), the use of auxin in combination with cytokinin, leads 
to rapid cell division, forming a large number of relatively small and undifferentiated 
cells. Many researchers have reported that the auxin and cytokinin combinations are 
to be fruitful for the formation of shoots from the explants of certain plant species 
(l)har and Joshi, 2005. Shrivastava and Banerjee. 2008). 
In the present work. incorporation of NAA with optimum concentration of each 
cytokinin markedly enhanced the percent regeneration. mean number of shoots per 
explant and mean shoot length. The combination of IAA or IBA with each cytokinin 
was less responsive in terms of regeneration and multiplication. 
hus. the findings suggested that the critical concentration of hormonal supplements 
played a vital role tier the significant enhancement in shoot development and 
differentiation. Present results conspicously suggests that among different 
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combinations tested, MS medium supplemented with 7.5 µM BA and 0.5 pM NAA 
was the best for shoot multiplication with maximum shoot growth in nodal explants 
(aseptic seedling derived) after eight weeks of culture. Furthermore, the crucial role of 
BA along with NAA for axillary culture establishment using different explants has 
been proved in various plants like Centella asiatica (Tiwari el al., 2000), P.voralea 
corvlifolia (Anis and Faisal. 2005). Erigeron brevi.ccapus (Liu et al.. 2008). Ahmad 
and Anis (2011) in Vitex negundo. "I hus. individual and interactive effect of BA and 
NAA could ensure better in vitro regeneration, and their synergism in proper 
concentration was extremely favorable for multiplication. In accordance, with these 
reports. the present study also exemplified the positive modification of' shoot bud 
induction efficacy obtained by employing a lower concentration of auxin in 
combination with a cvtokinin. While contradictory to my study. BA -+ IBA in 
Gardenia jasininoides (George el al., 199 3) and BA+ IAA in Ocimrnn .canclrmr (Singh 
and Sehgal. 1999) were also found best. 
Furthermore, the positive effect of' Kn with auxin (IAA. IRA and NAA) on shoot 
multiplication and elongation was also observed. Kn (7.5 µM) - NAA (0.5 µi'1) was 
considered good combination to promote shoot production but was comparatively less 
efficient than BA + NAA combinations in all the explants tested. Likewise. Kn along 
with NAA has a critical role in plant regeneration and proliferation in several system 
like in ('rlorolAYfum arUnd1nacerun (Lattoo eat al., 2006) and A''cianlhe.s arbor-hristis 
(Jahan et al., 201 la). However, combination of IAA and IBA with Kn was also 
evident in shoot morphogenesis of TeuerhuW sioekaiamrm (Bouehoucke and Ksiksi. 
2007). 
A continuous process of' shoot multiplication was also achieved through the 
combinations of 2-iP with auxins but the effect was weaker than BA-auxins and Kn-
auxins regimes. Similar reports have been observed in different plant species ie. 
l3auhinia tomenlosa (Naz cl crl.. 2011). Cuphwa !pr•oc wnhcn.v (Fatima el al., 2011 b) 
and Withania sornnifera (Fatima and Anis. 2012), where 2-iP in combination with 
different auxins was found less responsive. In this regard, a comparison of relative 
effectiveness of cytokinins with auxins in trems of shoot multiplication followed the 
order as NAA>IBA>IAA in A. offrc•inalis. 
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5.2.1.3. Effect of TDZ 
In the present study. efforts were intensified to initiate direct multiple shoot 
regeneration from different explants using thidiazuron (TDZ). Aseptic explants (('N 
and AN) as well as nodal (N) segments showed 'visible response with T'DZ. 
Thidiazuron (Tl)Z) has been considered one of the most active phenylurea (N-phenyl-
1, 2. 3-thidiazol-5-v1 urea), exhibit cvtokinin like activity in various culture systems 
(.Mok el c11.. 1987. Huettman and Preece. 1993). TDZ is a strong inhibitor ofcytokinin 
oxidase and acts by modulating the endogenous hormone level (1-lutchinson er al.. 
1996. " lurthv et ul.. 1998). TDZ has been successfully used in plant regeneration 
systems for man\, plant species (Faisal ei al.. 2005. Ahmad eel al., 2006. Ahmad and 
Anis. 2007). 
According to Giri and Tamta (2011). TDZ showed high cytokinin activity in 
promoting growth of' cytokinin-dependent cultures and stimulates conversion of 
cytokinins nucleotides to more biologically active nucleotides by stimulating 
accumulation of endogenous purine cytokinins. By applying TDZ. a diverse set of 
reaction in tissue culture has been described including callus induction, initiation of 
somatic embryos, adventitious shoot formation and axiliary shoot proliferation. 
It is stable and more active at lower concentrations (less than 1.0 PM) to induce 
greater proliferation o1' axillary shoots than other cytokinins. At higher concentrations, 
'F1)7 stimulates the lbrmation of' callus (1-luetteman and Preece. 1993). which is 
similar to my finding, %%here 0.8 p`1 TDZ was found optimum for multiple shoots 
formation and even a slight increase resulted in reduction of shoot production rate. 
Obtained results are similar to the findings of Faisal et al., 2005. Ahmad eel al.. 2006. 
Siddique and Anis. 2007 a. Japan and Anis. 2009. Giri and "l amta 2011. Naz el al.. 
2012. Perveen et al.. 201 3a. where lower range of TDZ supported multiple shoots 
formation. 
Although,1'DZ played as a sole growth regulator in shoot proliferation in herbaceous 
to woody plant taxon but prolonged culturing in '1 D7 supplemented media resulted in 
the formation of distorted and fasciated shoots has evidenced in various plant species 
including Ot-wj-lum inclicunl (Dalal and Rai, 2004). Rauvo//la ietraphylla (Faisal cal 
al.. 2005). Capsicum annuu n (Ahmad cal al., 2006). Daphne sp. (Noshad et al., 2009), 
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Ziziphus jujuha (Feng et al., 2010) and Ruhia cordiji~lia (Ghatge et al.. 2011). Similar 
observations have also been obtained in the present study. where the multiple shoots 
induced on TDZ-containing medium failed to elongate after 4 weeks of culture and 
were often fasciated in all the tested explants of A. ofticinalis. Inhibition of' shoot 
elongation may he due to high cytokinin activity of TDZ. and the presence of phenyl 
group may be a possible cause of shoot bud fasciation as indicated by I-Iuetteman and 
Preece (1993) and Steinitz e/ al., (2003). 
To avoid deleterious effects of TI)!. on growth and multiplication rate, the shoots 
clumps were transferred to 'I'D7, free MS medium (hormone free MS medium). MS 
medium without TDZ, supported further multiplication and elongation upto five 
subculture passages. Our result correlates with the earlier findings in a number of 
plant species i.e. in Cassia ungu.cijolia (Siddique and Anis. 2007 a), ('otonea.c!er 
ii-ilsonii (Sivanesan et al., 2011). ,\ etanthes arbor-iris/is (Jahan et al.. 2011 b) and 
Bauhinia tomentosa (Naz el al.. 2012). Also Khalafalla and I-Iattori. (1999) suggested 
that TDZ may be needed as a trigger for the initiation and proliferation of' shoot 
meristems and further incubation on PGR free MS medium led to further 
development of explants. 
5.2.1.4. Effect of subculture on shoot proliferation 
Generally, subculture effect on multiplication rate of in vitro cultures varies from one 
species to another. In the present work, effect of subculture passages was evaluated on 
shoot clusters induced on TDZ. The maximum proliferation of shoots with higher 
shoot length was recorded upto fourth subculture passages and this got stabilized at 
fifth passage. beyond which declining trends in trems of shoot multiplication and 
shoot length was noticed. In tissue culture, subculturing of' proliferated shoots at 
regular intervals are mandatory to avoid toxic effect of close vessels and the 
exhaustion of the nutrient suppliments, or to its drying out. Our results corroborate to 
the earlier findings on Capsicum annuum (Siddique and Anis. 2006). ('u.csia 
angustifolia (Siddique and Anis, 2007 a), Crotolariu verrucossa (I lussain ct al., 
2008). C'ardiospernnon hcrlicacahu n (Jahan and Anis, 2009). Anclrog>raphis neesicnuu 
(Karuppusamy and Kalimuthu. 2010) and ft ithania sontni/era (Fatima and Anis, 
2011). 
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5.2.1.5. Effect of different media, p1l and carbon sources 
One of the most important factors governing the growth and morphogenesis of plant 
tissues in in vitro culture is the most suitable medium. The choice of culture medium 
strongly affected regeneration pattern, presumably because of differences in the 
balance and supply of organic and inorganic nutrients. The basic nutrient 
requirements of cultured plant cells are very similar to those of whole plants. Thus. 
the different basal media (.-1S. '/ MS. 13. and L.,) were tested for their effect on direct 
shoot regeneration from nodal explants. Among these media tried. MS (full) medium 
exhibited a high efficiency for shoot regeneration and multiplication followed by ''/ 
NIS. L2 and B; medium. Efficiency of NIS medium on shoot growth and development 
is due to the presence of high concentration of ammonium and nitrate, because N11.,' 
is readily assimilated during the initial stages of development and greatly influences 
growth and differentiation (Raghavan and Torrey. 1964) which promote the shoot 
growth. These results showed consistency with the findings of Siddique and Anis 
(2006). Japan cat al., (2011 a). Ahmad and Anis (2010. 2011) in different plant species. 
In contrast to my result. Khan and Anis (2012) reported that \VPM was effective basal 
medium in Sc►lix tetrus1wr►uu whereas L2 was best for direct organogenesis in 
Trifoliuni hretenxc' (Carrillo Cl al.. 2004. According to WVarakagoda and Subasinghe 
(2009). B medium was more efficacious in .Iairohu curcas. 
Cultured plant tissues need a continuous supply of carbohydrates from the medium to 
encourage growth and to survive in vitro: photosynthetic activity of cultured tissues is 
reduced by the use of suhoptimal light intensity, limited gas exchange and high 
relative humidity (Del'aiva and Otoni. 2003). The exogenous carbohydrates support 
growth of the nutrient medium, serve as energy and carbon sources and also affect the 
physiology and differentiation of tissues (George. 1993). Among the different carbon 
sources. sucrose is used as a principal carbon source for in vitro plant culture 
probable. because it is the most common carbohydrate in the phloem sap of many 
plants (f ucnts el ul., 2000. Javed and Ikram, 2008). Sucrose is easily translocatable, 
maintains osmotic potential and is resistant to enzymatic degradation due to its non-
reducing nature (Lipayska and Kinradova. 2004). Considering the essential role of 
carbohydrates. present investigation was also designed to determine the effects of 
different carbohydrate sources and concentrations on shoot proliferation. Among 
different carbohydrate sources (sucrose. glucose and fructose) examined at various 
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concentrations [2-5% (w/v)], sucrose at 3% (w/v), was found to be the optimum for in 
vitro multiplication and growth of shoots in nodal culture. Sucrose has also been 
reported to be the best for shoot proliferation among other carbon sources for 
micropropagation in several plant species such as Centella a.ciatica (Anwar et al.. 
2005) and patchouli (Pogostemon cab/in) (Swamy et al., 2010). 
However, decrease in shoot yield and poor development with yellow brownish leaves 
was observed below and above 3% sucrose, in .Ithaca otticinalis. Similar results 
were noticed by Naik et al., 2010 (Bacopa monneiri) and Varshney and Anis. 2012 
(Tecomella un(lulata). 
The medium p1I is another important aspect for proliferating shoots in nitro. The 
optimal pH regulates the cytoplasmic activity that affects cell division and the growth 
of shoots and it does not interrupt in the functioning of cell membrane and the 
buffered pH of the cytoplasm (Brown et al.. 1979). Many plant cells and tissues in 
vitro, tolerate pH in the range of about 4.0-7.2 (Butenko el al.. 1984). Usually, best 
results are obtained in sligh!ly acidic conditions. Results reported here reveal that 
overall the pI I level 5.8 is most efficient than all other pf I levels (5.0. 5.4. 5.8, 6.2 and 
6.6) tested for shoot regeneration, node number and shoot length of shoots obtained 
from nodal explant. Increase and decrease levels of p11. other than optimum pl 1 (5.8). 
exhibited low performance for the induction and proliferation of shoots. It has been 
established that shoot induction and proliferation was affected by changes in the 
media pH. The changes during the culture can be explained by the differential uptake 
of nitrogen sources. the uptake of NO3" leads to a drift towards an alkaline p11 of a 
medium, while the uptake of ammonium NI-L4' results in a shill towards acidity 
(George. 1993). These observations are in conformity with the findings of Faisal et 
al., 2006a (Mucuna pruriens). Siddique and Anis 2007a (Cassia angusti/olia). 
Varshnev and Anis, 2012 (Tecomella unrhrlata). 
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5.2.2. Indirect shoot organogenesis 
In riiro techniques are being used globally for the conservation of useful plants. The 
endeavor is to adopt a method to multiply the medicinal herbs and monitor their 
secondary metabolites. I-Iowever. the callus induction is of' prime importance in 
several studies to select callus lines for the production of pharmaceutically important 
secondary metabolites (i'henwane et al.. 2003). 
In addition. callus tissue culture is the primary means for the plant indirect 
organogenesis and most of the genetic engineering techniques require good quality 
callus production with an optimum quantity for transformation and regeneration. 
Callus or cell suspension culture also could be used for large-scale plant cell culture 
\\-here the bioactive compounds could be extracted (Taha et al., 2008). There are 
many reports on the regeneration of various medicinal plants via callus culture. Pande 
et al.. (2002) reported the successful in vitro regeneration of Lepidium satirum from 
various explants on NIS medium supplemented with 4.0 mg/I BAP and NAA. The role 
of auxins and cytokinins in callus induction was also advocated by Kumar and Singh. 
(2009a) in Stevia rehaudiana. Goel et al.. (2009) in Peganuin harmala. Kumar and 
Singh (2009b) in Prosohis cineraria. Lal and Singh (2010) in ('elasirus puniculutus. 
Yadav and Singh (2010) in Shilunthes acme/hi. 
A successful and efficient system for multiple shoot formation through callus culture 
has been established in the present study. Callus tissue is a good source of genetic 
variability and adventitious shoot formation. We have induced adventitious shoot 
indirectly from leaves segments (central and lateral vein) in A. o1/icinalis. The 
regeneration procedure has been observed in three different phases. Initially, a range 
of 2.4-D concentrations (5.0-25.0 p\l) were used for callus induction from leaf' 
segments where ellowish callus were induced, but no shoot buds could be produced 
in initial phase. 2.4-D is usually the choice for in vitro callus induction in many plant 
species- iviophora indica (Faisal and Anis. 2003). Withaniu .ounr,rifrra (Rani et crl., 
2003) and Rum grarculens (Ahmad et al., 2010) where successful indirect 
organogenesis have been achieved. It appears that the type and auxin timing 
application and duration are critical for the activation and progression of the plant cell 
developmental program. By contrast, in liquid medium containing reduced 
concentration of 2.4 1) (2.5-12.5 µM) with AdS (10.0-50.0 µM), yellowish callus 
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which was formed through central vein, turned greenish and appeared highly 
competent for shoot bud initiation. This clearly indicates that liquid culture alters the 
physiological nature of A. aijicinalis and adenine has a definite role for bud formation 
in the species. Liquid culture has been reported to increase the efficiency of plant 
regeneration in Alstromeria calli (Akutsu and Sato, 2002) and in Vernonia cinerae 
(Maheshwari and Kumar, 2006). In addition, the effective role of AdS has also been 
reported in different plant species Cichorium iruybus (Nandagopal and Ranjitha 
kumara, 2006). Thevetia peruviana (Zibbu and Batra, 2010). It has been demonstrated 
that adenine, adenoline and adelynic acid have cytokinin activity and are added to the 
culture medium to improve growth or to reinforce the response normally attributed to 
cytokinin action. In this sense, adenine promotes adventitious shoot formation 
indirectly from calli or directly from explants (Van Staden et al., 2008). 
During third phase, the organogenic calli were transferred to regeneration medium 
supplemented with cytokinins alone or in combination with auxin. All cytokinins 
(BA, Kn or 2-iP) were capable of shoot induction from dedifferentiated tissue. BA 
was found to be significantly more effective for shoot regeneration in comparison to 
other cytokinins. The findings are in consonance with the results obtained by Han et 
al., (1991) in Gypsophila panieniata, Patil and Jeyanthi (1997) in Rauvoifa 
micrantha and Rauvoffia tetraphylla, Zibbu and Batra (2010) in Thevetia peruviana. 
The combination of various auxins (IAA, IBA or NAA) with the optimal cytokinin 
concentration was also evaluated for their ability to affect the shoot induction and 
multiplication rate and to optimize the medium composition for maximum plantlet 
regeneration. Both regeneration frequency and average number of shoots produced 
per callus were enhanced significantly when compared with single eytokinin. Our 
observation suggests that 5.0 µM BA along with 0.25 tM NAA produced maximum 
shoots. These findings are in agreement with the results obtained in Phellodendron 
amurense (Azad et al., 2005), Acmella calva (Senthilkumar et al., 2007) and Centella 
asiatica (Deshpande et al., 2010). Thus, individual and interactive effect of BA and 
NAA could ensure better in vitro regeneration and their synergism in proper 
concentration was extremely favorable for multiplication. 
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5.3. Rooting in regenerated shoots 
As core to the success of micropropagation protocol is the ability of the shoots to 
produce roots (de Assis el al.. 2004). Generally, rooting of in vitro regenerated shoots 
is critical step to achieve it. Loss at this step has vast economic consequences. Thus, 
successful rooting, of the microshoots is a pre-requisite to facilitate their establishment 
in soil. 
In the present study, strength of \1S medium appeared as to initiate root in 
microshoots. Although MS medium alone failed to induce even a single root but in ''/ 
MS medium only one thin root induced which was thin and not capable of developing 
health\ root system. In addition, a significant increase in rooting response was 
observed with the addition of exogenous auxins (I13A. NAA and IAA) in '/2 strength 
MS medium. Among, the different auxins tested. '/ MS medium supplementation with 
113A had a more pronounced effect on in vitro rooting than NAA or IAA. Optimal 
rooting response using 113A has also been reported in several plant species including 
/lolosie,n,na ada-kôilien (Martin. 2002). ('erohegia ewic/elabruin (13eena et al., 2003), 
.11ucuna pruriens (Faisal cat al.. 2006b). T}'lophora indica (Faisal et al.. 2007). 
Ocinuun hasilicum (Siddique and Anis, 2008) and Ruta graveolens (Ahmad ct a1.. 
2010). Superiority of 113A in the root development may be due to its preferential 
uptake. transport and stability over other auxins and subsequent gene activation 
(t.udww ik-\-lugger. 2000). 
Induction of root is usually affected by several factors like medium strength. 
concentration and type of auxins. auxin treatment duration (Pan and Staden, 1998). In 
A. otficinalis. higher concentration (10.0-30.0µM) of auxins considered more efficient 
for root formation as compared to lower (0.1-2.0 I.&M) range of auxins. Similar to our 
observation, higher le\cl of IBA was found best in Pi iu.s .cerotina (Tricoli et al.. 
1985) and I 'iris rota dilolia (Lee and \'1'etzstein. 1990). In contrast, lower range of 
113A gave the maximum result in Prunus serotina (Espinosa, 2006) and Jack fruit 
(Khan e! al., 2010). An efficient rooting treatment yields a high percentage of rooted 
shoots and high quality root system in tissue culture raised plants which is necessary 
for acclimatization also. 
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In addition, variation in root regeneration frequency (derived from direct and indirect 
regenerated shoot) was also evaluated. Rooting frequency was much higher in direct 
regenerated shoot than adventious shoot. My findings corroborate with the 
observation of Espinosa (2006). where variation in root induction was observed in in 
vitro shoot derived from nodal explants and adventitious shoot from leaf explants. 
The difference in rooting response may be due to the variations in the medium used 
for multiplication, number of subcultures before root induction and the number of' 
days maintained on the multiplication medium before transfer to root induction 
medium (Espinosa. 2006). 
NAA was observed to be less responsive in root induction as compared to IBA. 
because NAA is more persistent than 113A: remains present in the tissue and may 
block further development of root meristemoids (Nanda et al.. 2004). Contrary reports 
were obtained in Abulilon indicum (Rout el al.. 2009). Sider corclifiolia (Pattar and 
,Iayaraj. 2012) where NAA was found more effective than other auxins. Furthermore. 
our observations revealed that supplementation of IAA in % MS medium was least 
effective, which correlate the fact that exogenous application of IAA is rapidly 
inactivated in excised plant tissue because of high oxidative activity (Semhdner cat c►l.. 
1980, De Klerk et al.. 1999). 
5.4. Ex intro rooting 
In Vitro rooting is the highly labor-intensive stage during micropropagation. whereas 
ex vitro rooting can contribute to the cost reduction of in vitro propagated plants 
(Phulwaria et al.. 2012). Thus in the present investigation, to reduce labor, cost and 
time, another experiment on ex vitro rooting was carried out to observe the response 
of' micropropagated shoots treated with different concentrations of IBA. IRA (200 
µM) was optimum for maximum and healthy root production. 
Optimum results with IBA. concerning cx vitro growth. were probably obtained 
because this phytoregulator is metabolized into IBA aspartate and posteriorly 
combined with peptides. This combined form serves as storage of this auxin. which is 
later gradually released, keeping the concentrations at the ideal levels, especially in 
the final stages of root formation (Rodrigues and [cite, 2004). 
Ex vitro rooting is the most preferable approach as it involves one step procedure 
combining both rooting and hardening. it was observed that during ex vitro rooting, 
the chances of root damage are less. rooting rates are often higher and root quality is 
better (Bellamine etal.. 1998). 
Thus, ex vitro rooting method was fund more effective as compared to in vitro 
rooting. The effectiveness of ex vitro rooting over in vitro one has been reported 
earlier by several workers (Rogers and Smith, 1992, Nas and Read, 2004, Siddique el 
al., 2006, Chen and Yeh. 2007. Jose et al., 2007, Xu el al., 2008. Yan et al., 2010, 
Jahan et al., 2011a. Fatima and Anis, 2011, Na, et al., 2012 ) and has reduced 
production costs in tissue culture by 35-75% (Chen and Yeh, 2007).  
5.5. Acclimatization 
Hardening of in vitro raised plants under open field conditions is an essential process 
for successful utilization of the protocol for conservation. During this stage plants 
have to adapt to the new environment of greenhouse or field. Successful 
acclimatization depends primarily on the establishment of autotrophic growth of in 
vitro raised plants. The plantlets usually need some weeks of acclimation in shade 
with the gradual lowering of air humidity (Pospisilova et aL 1998). Due to 
heterotrophic mode of nutrition, micropropagated plants were first placed in 
hardening chamber to transplant in field condition. According to Hazarika (2003), 
controlling nitrogen levels during the hardening phase is critical to enhancing plant 
growth. Therefore, the addition of '/z MS salts allowed plants to gradually adapt to 
autotrophic conditions. 
Moreover, different substrates (Davis et al., 2009) used during acclimatization we 
important factors determining the survival rate and performance of plants under ex 
vitro conditions (Vasane and Kothari, 2006). To continue, present study revealed that 
among the different substrates used for primary hardening (in growth chamber), 
highest survival rate was observed in soilrite where 80% plantlets survived, whereas 
garden soil and vermiculite exhibited comparatively low survival response after 4 
weeks of acclimatization in growth chamber. My finding corroborate with the earlier 
reports of Tiwari et al., (2001), Faisal et ad., (2006 a, and b), Siddique and Anis 
(2008). Anis er at., (2010), Varshney and Anis (2012). 
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After primary hardening in growth chamber, the plantlets were transferred to different 
mixture (Garden soil : organic manure. Garden soil : soilrite and Garden soil : sandy 
soil) to adapt the outdoor environment. Survival fluctuation among different 
treatments could be explained on the basis of growth of acclimatized plants. The 
mixture of garden soil + sandy soil (1:1) showed conspicuous growth as evidenced 
from emergence of new leaves with 88% survival rate after 8 weeks of transfer. 
Comparatively lowest survival percentages were obtained with garden soil - organic 
manure. Our observations were in accordance with the report by Makunga and Van 
Staden (2008) in SaMa africana-lutea, where high survival rate of plantlets was 
observed in mixture of sandy soil. According to Lattoo et al., (2006) sandy soil 
mixture was best substrate for the hardening of Chlorophytum arundinaceum in the 
field conditions. Rodrigues et al., (2005) in Ileliconia hi/at observed that sand with 
plant manure was best for better plant growth in ex vitro condition as compared to 
other substrate. However, sandy soil is good for plants since it lets the water go off so 
that it does not accumulate near the roots and cause them to decay. The introduction 
of plants during the winter (November- February) facilitated easy establishment of A. 
ojjicinalis. 
Due to the sequential hardening of the plantlels onto the different substrates showed a 
good percentage (88%) of survival after transfer to field. At that time plantlets were 
fully acclimatized and similar to their respective donor plants, no further losses were 
recorded thereafter. Six months later, all the in vitro derived plants were alive and 
displayed normal growth. Data from studies conducted by Chabukswar and Deodhar. 
(2005) in Gar cinia indica, Makunga and Van Staden (2008) in Salvia afrlcana-lutea 
and Balaraju ct al., (2009) in Swertia chirata, support our results, where sequential 
hardening of the in vitro raised plantlets onto the different substrates under controlled 
environmental conditions were found useful for the maximum field establishment of 
the in vitro raised plants. 
5.6. Histological analysis 
Histological analysis is a useful approach in the study of plant morphogenesis. 
Histological studies were accomplished on responding nodal segments to trace the 
origin of multiple shoot buds. In the present study, most shoot buds exposed no 
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visible connection with the original vascular tissue, although they appeared to have 
originated from the meristematic zone beneath the epidermis. It is possible that the 
initial shoots developed from pre-existing meristems (Khan et u!., 2011. Brondani et 
al., 2012). These results showed consistency with the findings of' Ahmad and Anis 
(2007). Paunescu (2010). Fatima and Anis (2012). 
5.7. Somatic cmbr\ ogencsis 
The abilit\ to induce somatic embryos in tissue culture opens new vistas which were 
not available in plantlet regeneration via. organogenesis. The advantages of' somatic 
embryogenesis are the simultaneous development of root and shoot systems. Somatic 
embrvogenesis plays an important role in clonal propagation (Kanita and Kothari. 
2002). The development of somatic embryos (either direct or indirect) differ 
according to plant growth regulators. Perhaps. this occurs due to the differences in 
susceptibilities of different tissues to external stimuli (Nishiwaki ct u!., 2000). 
According to 1'eher. (2005). in vitro somatic embryogenesis depends on plant genetic 
potential for embryogenesis. competency of' some cells for receiving endogenous or 
exogenous signal triggering the initiation of embryogenesis and finally commitment 
for mature embryo production. 
Additionally, direct somatic embryogenesis has a lower probability of' genetic 
variation than other propagation methods (Merkle. 1997). Regeneration of plants 
through somatic embrvogenesis, particularly direct somatic embryogenesis has been 
reported in a number of plant species including UetdrantheHta grandiflorutrt (Tanaka 
et u!., 2000), Golden Pothos (/hang et al., 2005). Phaluenopsis• umbilis (Chen and 
('hang. 2006). Panax jal?onicas (You et al., 2007) and (,'ymhidicmt hicolor 
(Mallendran and Narmatha Bai. 2012). Direct embryogenesis may be the result ot'cell 
re-programming caused by the interaction of exogenous and endogenous auxins and 
cytokinms ithin cellular sub-populations existing in the explants. or the 
preconditioning of cells may stimulate cell proliferation and subsequent 
embryogenesis after liberation from an apparent mitotic block, as stated by Sondahl et 
al.. (1979). 
Somatic embryogenesis begins with a trasition of somatic cell to an cmbryogcnic 
state. This transition can be induced under certain in vilro conditions. To regenerate a 
complete plant from a somatic cell appears to be very important route. Cell 
reactivation during induction of somatic embryogenesis is connected with the 
reprogramming of gene expression and recognization of internal cellular architecture 
affecting cell morphology and pattern of cell division (Emons, 1994). 
Hence, the present study describes the successful experiment of direct somatic 
embryogenesis which includes initiation, proliferation and development of somatic 
embryos and their germination pattern under in vitro conditions using internode 
explants of A. ocinalis. Somatic envbryogenesis was confirmed with light 
microscopy and SEM analysis. 
to Althaea ofcinalis, somatic embryogenesis were induced at cut edges or on the 
surfaces of intemodal sections by using exogenous phytohormone; 2,4-D. Formation 
of somatic embryos at cut surface of explants, may be due to increase in embryogenic 
competence of wounded tissue due to changes at the level of endogenous growth 
regulators (Ivanova et al., 1994). 
In. addition, the specific role of PGRs, especially auxin has been considered to he 
conducive in somatic embryo formation. Auxins (natural as well as synthetic, NAA, 
2,4-D) have been shown to act like a molecular glue binding to its TIRI receptor and 
promoting ubiquitin-dependent degradation of Auxin/IAA repressor proteins, 
activating the auxin response elements (Guilfovle and Hagen, 2007, Tan etal., 2007). 
The effectiveness of 2,4-D for the induction of somatic embryogenesis has been well 
documented in many plants species (Prange et al., 2010, Chai etal., 2011). 
The most critical stage of somatic cmbryogcnesis is the transition from globular to 
torpedo stage. MS medium containing 2,4-D alone, was not sufficient for further 
differentiation (heart to torpedo stage). The association of 2,4-D and BA was essential 
for transition of embryos from heart and torpedo stage. Development of somatic 
embryos using 2,4-D along with BA has been reported in several plant species like 
Eryngium Joetidum (Ignacimuthu el al., 1999). Phellodendron amurense (Azad el al, 
2009). Cyrnbidiunt bicolor (Mahendran and Narmatha Rai, 2012). Torpedo embryos 
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separated from the mother explants in the same medium but did not attain the maturity 
in 2.4-1) and BA containing medium. 
According to Zimmerman. (1993). removal of auxin from the culture medium is a 
prerequisite to inactivate genes or synthesis of its products necessary for embryo 
development. The delay in maturation in the continuing presence of 2,4-D has also 
been reported in Iferucleu» n candiccros (Wakhlu and Sharma, 1998). The physical 
state of medium ( liquid or solid) also plays an essential role for somatic 
embrvo,enesis (Racmakers el al.. 1993). 
Keeping, this view in mind, torpedo embryos were transferred on liquid ,`1S medium 
containing BA and ABA (without 2,4-D). where 0.5 pM BA and 1.0 µtit ABA was 
found to be optimum for maturation of torpedo embryos (cotyledonary stage). Similar 
to my sudy. liquid culture has also been shown beneficial for somatic embryogenesis 
in Anuh•ogrul)lus poWteuln,cv (Martin. 2004). N'igefla saliva (Elhag ct al., 2004). Liliu,n 
lon illorum (Nhut cat al.. 2006) and Gri nnenia syl restre (Ahmed ci al., 2009). 
In addition. ABA plays a principal role in stress signal transduction. The signal 
transduction pathway has been shown to modulate many physiological process in 
plants including induction of dormancy. embryo maturation. inhibition of guard cell 
opening and adaptation to environmental stress (Davies and Jones. (1991). Senger et 
al.. (2001). Combined effect of BA and ABA was critical in the maturation of somatic 
embryos as also reported in Vigna racliuta (Girija et al.. 2000). chickpea (Ghanti et 
al., 2010) and Desmodiun: rnQIoriu: (Devi and Narmatha bai. 2011). 
To enhance the embryo maturation, synergetic effect of various concentration of NAA 
(0.1-1.0 pM) along with optimum concentration of BA (0.5 µM) and ABA (1.0 µM) 
as also assessed. Although, combination of auxin and cytokinin was needed for 
maturation of somatic embryos in many plant species including Psoralea coryylifolia 
(Sahrawat and Chand. 2001), Cassia angu.ttilolia (Agra"val and Sardar, 2007). But, in 
A. ojrcinalis addition of auxin (NAA) was not found effective for somatic embryo 
maturation My results are similar to earlier findings in Genliana straminea (He et al., 
2011) and pigeonpea (Anbazhagan and (ianapathi, 1999). 
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The success of micropropagation through somatic embryogenesis relics on the 
maturation and conversion of the embryos into plantlets (Rout and Nanda. 2005). 
Germination responses of mature somatic embryos are significantly influenced by the 
preceding maturation treatment (Chalupa. 2005). Fully differentiated and mature 
(cotyledonary stage) somatic embryos were transferred to ½ MS liquid medium where 
they developed into complete plantlets. PGRs free '/2 MS medium appeared to be a 
permissible stimulus for plantlets formation. Comparable to my result, hormone free 
'/ MS medium has been well documented to be beneficial for germination and 
conversion of somatic embryos into plantlets in Eleutherococcus senticosu., (Choi et 
al.. 1999), Phellodendron ainurense (Azad et al., 2009) and Gentiana sn•aminea (IIe 
et al., 2011). 
Somatic embryogenesis in A. o jIcinalis was successfully attained, in which different 
morphological stages of somatic embryos were recognized on solid as well as liquid 
medium. Our study may allow somatic embryos to be used for clonal propagation of 
elite A. o/jicinalis clones and other applications that require the production of a large 
number of plants from limited source materials. 
5.8. Histological study of somatic embryos 
Histology of somatic embryo-producing regions of internodes continued that the 
induction of the development process was embryogenic and not organogenic in 
nature. Histological sections of embryos (globular to torpedo) including the 
cotyledonary stage were differentiated from the pre determined cells, which were 
attached to mother surface during initiation and became detached at later stages of 
development. 
The morphological and histological observations reported here provide evidence that 
embryogenesis were direct, i.e without an intermediate callus phase. According to 
Sharp et al.. 1980, pre-embryogenic determined cells could be responsible for direct 
embryogenesis. My observation suggests that parental cells were pre-embryonically 
determined and somatic embryos were not of multi-cellular origin, rather developed 
from a single cell. Our observations are similar to the results reported by Dam et al.. 
2010. Ghanti et al.. 2010. Mahendran and Narmatha Bai. 2012. 
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5.9. Scanning electron microscopy 
Scanning electron microscope analysis revealed the developmental changes during the 
embryo formation (globular- torpedo shaped) on the surface of explants. Initially the 
pre enlbryogenic determined cell was characterized by the deposition of granular 
material which was followed by thin fibrillar network representing an extra cellular 
matrix (ECM). Samaj et al., (1999) reported that the ECM plays an important morpho 
regulatory role during somatic cmbryogenesis, implying an active role in plant 
regeneration. Appearance of ECM as observed only on certain regions and absent or 
partly damaged on other regions indicates that, it was probably due to the shrinkage in 
the ECM layer caused by the critical-point dryer (CPD) during the sample 
preparation. Presence of extracellular matrix at the surface of the pre-embryogenic 
tissue was observed in Vrvsc'ra rotundifolia (Sarnaj et al., 1995), C'ichoriwn intvbus 
(Chapman et al.. 2000a. 2000b) and Murrava koenigii (Paul et al., 2011). Occurrence 
of extracellular matrix in developmentally restricted stage indicates its important role 
in fixing cell position and in morphogenesis before the protodermis formation (Bobak 
ct u!.. 2004). Further. it can act as an early morphological structural marker on the 
surface of regeneration competent cells during direct emhrvogenesis (Bohak et al.. 
2004). 
However, as the time progressed, the pre embryogenic cell transforms to form 
globular embryos. The surface of globular stage as well as subsequent stages (heart, 
torpedo) of embryos was smooth free from deposition of ECM. Disappearance of 
material in the adult somatic embryos refers that the deposition of extra cellular 
materials on the surface of any cell determines the formation of pre-embryo (Paul et 
al., 2011). 
5.10. Synthetic seeds 
Encapsulation of non-emhryogenie propabules has been proposed as a low cost 
propagation system tier clonal plants. For this reason, it has been suggested as a 
powerful tool for mass propagation of elite genotypes with high economic value and 
rare or endangered taxons (Ara et al., 2000). Synthetic seeds technique is not only a 
rapid tool for large-scale propagation but also based on short and long-term 
conservation and f~ermpla`l11 exchange of desirable species genotypes. Efficient 
propagation, artificial seed production and storage protocols of threatened plants 
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allow continuous supply of plant material of medicinal importance (Bach et al., 2004) 
and enable the establishment of basal collection with representative genetic diversity 
for gene banks (Singh et al., 2009). The advantages of synthetic seeds for propagation 
include easy handling and potential long-term storage. However, a new procedure in 
synthetic seed technology was opened with the use of non-embryogenic (unipolar) 
plant propagules. Successftd propagation through encapsulation depends on the 
selection of a suitable plant material, the critical evaluation of factors affecting the gel 
matrix formation and optimisation of the process of germination for plant retrieval. 
Nodal segments bearing axillary bud were found suitable for encapsulation in present 
work. As it has great potential for plant development from pre-existing meristematie 
tissues. The use of unipolar propagules for development of synthetic seeds has been 
reported in numerous medical plant species, such as Tylophora indica (Faisal and 
Ants, 2007), Rauvolfia serpentina (Ray and Bhattaeharya, 2008), Cineraria maritime 
(Srivastava et al., 2009), Vitex negundo (Ahmad and Anis, 2010). Spilanthes acme/la 
(Singh et al., 2009), Ocim,w, basilicum (Siddique and Anis, 2009). Rauvolfia 
serpentina (Faisal et al., 2012) and Rural graveolens (Ahmad et al.. 2012). 
Vegetative propaguics are very useful in such plant species, where somatic 
embryogenesis is not well established or else good quality somatic embryos are not 
produced. However, using these propagule, lack of root apex and the inability of the 
propagules to form roots is a major problem, hence; an appropriate root induction 
treatment needs to be incorporated with encapsulation protocol (Chand and Singh, 
2004). In the present investigation, nodal segments were first pretreated with an auxin 
to develop root primordia, after that they were used for encapsulation. A suitable root 
induction treatment in nodal segments, prior to encapsulation in alginate to achieve 
shoot formation and rooting at the same time was reported by Welander and Pawlicki, 
1993, Capuano et a(., 1998. Chand and Singh, 2004, Hung and Trueman, 2012 in 
different plant species. 
Successful propagation of plants through encapsulation depends on critical evaluation 
of concentrations of sodium alginate and calcium chloride which affects the gel 
matrix and capsule quality. Capsule ]tardiness depends upon optimal ion exchange of 
Na- and Ca`~ and it may vary with different propagules as well as with different plant 
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species (Rai et ctl., 2009, Singh et al.. 2009). In my study, a 3% solution of sodium 
alginate upon complexation with 100 mM CaC12 was found to be the best composition 
which produced firm, clear and isodiametric beads within an ion exchange duration of 
30 min. Lower concentrations of sodium alginate (I— 2%) and calcium chloride not 
only prolonged the polymerization duration, but also resulted in fragile beads, which 
were too delicate to handle. while at higher concentrations of' both, beads were too 
hard which causes considerable delay in shoot and root emergence. Lower levels of 
sodium alginate [1 -2%  (w'v)] were not suitable for encapsulation. may be because of 
reduction in its gelling ability, after exposure to high temperature during autoclaving 
(Larkin et al., 1988). This differential response occurred perhaps, due to the 
synergistic effect of alginate and calcium concentration on bead formation. 
Besides the clear. finn and isodiametric structure of' beads, their conversion is the 
most important aspect for synseed technology (Kozai et al., 1991). The maximum 
sprouting and multiplication of encapsulated microcutting were observed on MS 
medium supplemented with 7.5 LM BA and 0.5 pM NAA. This is in accordance to 
the findings made by Faisal etal., (2006 b) and Ahmad er al.. (2012). 
Further, encapsulated explants could, alternatively, be converted into plantlets by pre-
treating nodal segments with IBA prior to encapsulation. Conversion into plantlets 
depended almost entirely on IBA pre-treatment. Similar, to our report, pretreatment of 
nodal segments prior to encapsulation was found beneficial for conversion into 
complete planticts in I)alhergia tiissoo (Chanel and Singh. 2004) and Corrmhia 
lore liana X C. citriodora (Hung and Trueman, 2012). 
Symhetic seeds can he used for preservation of gennplasm and exchanged between 
laboratories only if they retain viability in respect to conversion potential after storage 
for a reasonable period. The synthetic seeds maintain 64.6% viability even after 4 
weeks of cold storage at 4 C. However. only 47.6° conversion frequency was 
observed after 4 weeks in non-encapsulated nodal segments. This is in accordance to 
the findings of Faisal et al.. 2006a. Ahmad and Anis 2010. Ahmad car al., 2012. 
However, beyond 4 weeks of storage at 4-C, a significant decline in percentage 
sprouting was noticed. It is assumed that any decline in the conversion frequency 
observed aniong encapsulated propagules stored at low temperatures may be due to 
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oxygen deficiency, inhibition of plant tissue respiration, lack of nutrients, or 
accumulation of metabolic waste within the alginate capsule as suggested by 
Redenbaugh etal., 1987. 
Cold storage has the potential to reduce the cost of maintaining gcrmplasm cultures 
because of the need for manual labor due to less frequent subculturing (West et al.. 
2006). The conversion of encapsulated nodal segments into plantlets after 
considerable period of storage could be attributed to matrix of synthetic seed which 
mimics endosperm of natural seed and provide sufficient nutrients to the encapsulated 
explants for regrowth Nieves er al., 1998, Antonietta er al.. 1999, Ganapathi cat al.. 
2001. 
Similar to in vitro raised plantlets. the germination of synthetic seed is equally difficult 
in field condition but in study. directly sown encapsulated beads in sterilized soilrite 
with '/2 MS nutrients exhibited 55% germination whereas non-encapsulated nodal 
failed to regenerate in similar condition. Nievies ei al., (2003) observed that direct field 
planting of encapsulated beads lead to become an autotrophic organism. Plantlets with 
fully developed shoots and roots retrieved from encapsulated nodal segments in pot 
containing sandy + garden soil (1: l) exhibited normal growth with 85% survival in 
field conditions. 
5.11. Physiological studies 
Transfer and acclimatization to the ex vitro environment is the final but frequently 
most hazardous step in a successful micropropagation system (Preece and Sutter. 
1991). In vitro regenerated plantlets have been continuously exposed to a unique 
microenvironment that has been selected to provide minimal stress and optimum 
conditions for plant multiplication. 
After transfer to ex vitro conditions, in vitro plants are exposed to external 
environment, where plants Lace various stresses (drought, light. temperature. salinity 
etc) because they have not yet developed adequate patterns of resource allocation and 
morphological and physiological features required by the new environment (Chaves. 
1994). Generally. plantlets are exposed to low photosynthetic photon flux density 
,7[ 
(PPFD). Once in the field condition, PPFD is much higher and plants become very 
susceptible to light stress. 
Although light is the energy source for plant growth. but comparatively higher than 
those used under in vitro conditions, resulting usually in photoinhibition. can lead to 
depression in photosynthetic efficiency (photoinhibition). mainly due to oxidative 
damage to the photosystem II (PSII) (Powles, 1984, Osorio ei al., 2010). Such 
conditions results in some abnormalities: low photosynthetic rates, low chlorophyll 
(Chl) content, and poorly developed cuticle, stomata, and chloroplasts (Nguyen et a/., 
1999, Pospisilova etal., 1999a). 
the physiological modifications during the acclimatization are critical for survival and 
reestablishment of growth of micropropagated plantlets. In the present study. plantlets of 
Alrlruea ofjicinulis had a marked reduction in Chi a and Chl b contents in both low (LL) and 
high light (111.) intensities during the first seven days of transplantation as compared to 
control (0 day) plantlets, afterwards cholorophyll contents dramatically increased upto 28 
days. A decrease in chlorophyll contents in the initial days of acclimatization was 
accompanied with the poorly developed chloroplast of is vitro formed leaves and low 
resistance against photoinhibition (Lee el al.. 1985). Similar results have been reported by 
Pospisilova et at. (I 999a). Siddiquc and Anis (2008). 
However, from day 07, enhancement in Chl contents was attributed to greater 
photoautotrophic competency of plantlets against light stress. Compared with the plants 
grown under LL, more pronounced increase was observed under IIL treatment. Since, both 
Chlorophyll a and b are associated with light harvesting complexes of PS-Il, an increase in the 
lev.els of pigments suggested that plant exposure to high light intensity did not impair the core 
complexes of PS-II (Von Willert et al.. 1995). "I he c results are in agreement with 
observations in micropropagated ('alat/zea (Van lluylenbroeck et al., 1998b). carob tree 
(Osorio et al.. 201)5). Rcunrnl/ia ie/rahh►•llo (I aisal and Anis. 20t)9) and lrhiphora indica 
(Fa isal and Anis, 2010.) 
The micropropagated plantlets also exhibited gradual increase in carutenoid alter the 
first week of acclimatization. Such an increase in the level of carotenoid specifies 
that plants sustained the light stress. This reactive increase in carotenoid contents was 
observed in 1lL than LL. The photoprotective role of carotenoids against 
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photooxidative damage is well documented (Ali et a/., 2005a) and an increase in the 
amount of carotenoid in the light-harvesting antenna during acclimation to high light 
is frequently observed (Young, 1991). Increased level of carotenoids with increase in 
the intensity of light was observed in Altliaea ofJicinalis, supporting the view of Lee 
et al., (2007) which suggested that increased level of carotenoids in high light 
intensity exposed plants is a protective measure of plants against excessive light 
absorption. 
According to Pandey et al.. (2005) carotenoids also play a key role to dissipate excess 
photon-energy and protect the plants from photoinhibition. Such changes in Chl a, Chi 
h and carotenoid contents during the acclimatization are in accordance with the earlier 
reports on C'alathc'a louisae (Van Huylcnhroeck et al., 2000), Tvlop/iora inelica 
(Faisal and Anis, 2010) and Rula grai-colens (Ahmad et al., 2012). 
Apart from chl (a and b) and carotenoid contents, the declining trends in 
photosynthetic rate during the first week of acclimatization indicated that it may be 
due to change in climatic condition. Similar results were found in Sparhip/rvllum 
florihnnchrm (Van 1-luylenbroeck and Debergh. 1996) and tobacco (Pospisilova et al., 
2000), where decrease in photosynthetic rate was evident during the initial days of 
acclimatization. A significant increase in the net photosynthetic rate was noticed after 
07 day onwards with the appearance of new leaves. My results show consistency with 
the reports of Pospisilova el al., (2000), Faisal and Anis, (2009, 2010), Ahmad et al., 
(2012). More pronounced plant growth was observed under HL intensity than LL. 
with the development of new leaves. Similar changes of photosynthetic rate were also 
reported for grapevine (Amancio et al., 1999) where the increased irradiance 
improved the photosynthetic apparatus with the appearance of new leaves. 
5.12. Biochemical studies 
It is well known fact that inhibition of growth is natural in plants and is related to 
physiological and metabolic changes when exposed to excess excitation energy 
(EEE), which in turn could increase the ROS generation and induce the oxidative 
stress (Asada and Takahashi, 1987). The induced generation of ROS in chloroplast 
under high light intesity has been described by Mishra et al.. 1995. As protection 
against the ROS triggered by high light intensity, plant cells ha%e developed several 
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antioxidant and enzymatic scavenging systems such as, superoxide dismutase (SOD), 
catalase (CAI'). peroxidase, ascorbate peroxidase (APX) and gluthathione reductase 
(GR) (Foyer et al., 1997). 
In response to different light intensities, antioxidants enzymes (SOD, CAT, APX. and 
GR) activities showed clear changes for each acclimatization period and suggested 
that oxidative stress might be an influential component of light stress on Alihaca 
offIcinalis. Therefore. an increase in SOD activity suggested an up-regulation of the 
plant protective mechanism against oxidative stress. SOD is believed to play a crucial 
role in the antioxidant system and provide the first line of defense against the toxic 
effects of elevated levels of ROS. The SOD remove O,' by catalyzing its dismutation, 
O: being reduced to 11,0, and another oxidized to O2.'l'hus decreases the risk of free 
radicals (Of) formation (Gill and t'uteja, 2010). The increase in SOD activity 
resembles with the early studies of Siddique and Anis (2009) in Ocinium basilicum, 
Varshney and Anis. (2012) in Tecomella undulate. Higher activity of SOD under HL 
intensity as compared to under LL revealed a protection against photooxidative stress 
linked to photoinhibition, as it has been previously reported by Logan et al.. (1998) in 
Cucurbitct pepo and Vinca major. Faisal and Anis. (2010) in Tvlophora indica. 
In addition, my results showed that CAT activity was influenced greatly by different 
light intensities, and was found to increase during the whole period (4 weeks) 
compared to control plants. Increased CAT activity could he related to the 
photorespiratory detoxification of H-0, through the mitochondrial electron transport 
system (Scandalios, 1990). 
Although CAT activity increased under both light conditions/treatments (LL and HL) 
against 0 day plant but higher increase in CAT activity was recorded under HL than in 
LL. These findings correlate with previous reports as in Pha!raopsis and Calutheu 
(Van Huvlenbroeck ct al.. 2000. All et al.. 2005a). Thereibre, elevated SOD in 
combination with ele\ated ('AT in leaves would lower the 11,0, levels, which in turn 
leads to a reduced damage to the photosystems under 1-IL.  
Furthermore. H2O, can be removed using the ascorhate-glutathione cycle [ascorbic 
acid (,\SA)-GSH cycle] where APX and GR are the key enzymes (Noctor and Foyer, 
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1998). APX is mainly found in the chloroplast and cytosol of plant cells. Ascorbate is 
not only a potent antioxidant, but is implicated in the pH-mediated modulation of PSII 
activity, described as a potent mechanism for preventing photo-oxidation (Arora et 
al., 2002). Increase in APX activity represent the best estimation of chloroplast-based 
detoxification of ROS via the Mehler peroxidase pathway as sink for reducing 
equivalents (Chakrabarty and Datta. 20(18). 
GR is considered as a key enzyme responsible for monitoring the reduced form of 
glutathione pool (Foyer et al., 1994). Enhanced GR activity under both light 
intensities as against control plant proposes that GR may play an important rule in 
scavenging H202 that is produced in chloroplast during acclimatization period. My 
report corroborate with the results of Carvalho and Amancio (2002) in Vitis t•ini%ra 
and Dias ct al., 2011 in Ulnurs minor. Higher levels of GR under HL than LL, 
reflected the adaptation of the tissue cultured plantlets to higher light conditions. Such 
enhancement in I-IL showed protection against photooxidative stress linked to 
photoinhihition, as it has been previously reported by Logan et al., (1998) in 
C'tccurbita pepo and Vinca major plants. Thus. an up regulation in the activities of 
APX and GR suggested their ability to tolerate higher levels of ROS. These results are 
consistent with the earlier findings of Chakrabarty and Datta (2008) on Gerbe►ra 
jamesonii and Faisal and Attis (2010) on Tvlophora inclicu. 
MDA. a decomposition product of polyunsaturated fatty acids hydroperoxides, has 
been utilized very often as a suitable biomarker for lipid peroxidation (Bailly et al.. 
1996), which is an effect of oxidative damage. In addition, MDA is poisonous to plant 
cells (Hendry ei al., 1993). During the acclimatization process, the MDA increased 
upto 14 days under both lights as compared to control plant. This could be related to 
the amount of stress and be correlated with lipid membrane damage. Further, a 
decline in MDA contents on subsequent days was observed under both lights but 
more decrease in %IDA contents was found under [.L than HI.. Decrease in Ml)A 
contents specified its role in combating oxidative stress. The results are in accordance 
with the findings of Chakrabarty and Datta, (2008) in Gerbera jamesonii and Perveen 
etal.. (2013b) in Abrtts precatorius. 
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In addition, H202 activity was also evaluated against the ROS in present study. H2O, 
functions as a signaling molecule tior antioxidant responses (Giampaoli et a/.. 2012). 
Besides MDA, H2O,  content also increased at the beginning of the acclimatization 
period under both PPFD that could possibly lead to oxidative damage but on 
subsequent days (after 14 days), a significant reduction indicated that plant developed 
an active scavenger mechanism to overcome harmful events caused by radical 
production under light stress. My results are in corroboration with the studies made by 
Chakraharty and Datta (2008) in Gerhera. But different, observation has been 
reported in Pha/aenopsis (Ali ct al., 2005a), in Rarrro/Ta tetraphv//a (Faisal and Anis, 
2009) and in Ulnrus minor (Dias etal.. 201 1) during acclimatization. 
In brief, present study provided a comparative account of anioxidative changes 
occurring under different light intensities in A. officinu/is. Compared with the plants 
grown under LL, more pronounced plant growth was observed under HL treatment. 
Tolerance to light stress is generally accompanied by an increase in the levels of 
antioxidants, and in the activities of antioxidant enzymes (Foyer er al.. 1997). 
protecting the photosystcros from ROS (Alscher. 1989). It is clear from the present 
study that increased photosynthetic pigments (chlorophyll a and h and carotenoid) and 
antioxidativc pools with the reduction in MDA and H2O,, showed the potential to 
scavenge the ROS generated by oxidative stress under different light intensities in 
Aithaea offIcinalis. These parameters may therefore he considered good indicators to 
test acclimatization treatments and worth to he applied to species different from 
A1tha 'a of/icinalrs. 
5.13. Assessment of genetic fidelity 
The assessment ot'the genetic stability ol'in vitro derived clones is an essential step in 
the application of biotechnology for micropropagation of true-to-type clones 
(Eshraghi at al., 2005). 
The micropropagated plants were tound to be phenotypically normal and essentially 
identical with their mother plant at hardening stage. A major problem encountered in 
cells grown in vitro is the occurrence of somaclonal variation. Somaclonal variation 
mostly occurs as response to the stress imposed on the plant in culture conditions and 
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is manifested in the form of DNA methylations, chromosome rearrangements, and 
point mutations (Philips et al., 1994). 
Genetic instability may be a risk associated with the application of in vitro culture 
techniques for germplasm handling and storage. Thus, these warrants require for 
assessment of the micropropagated plants for their clonal status to conserve the 
natural genetic resources of a particular plant species. Tissue culture induced 
variations have been studied in many plant species via both biochemical and/or 
molecular DNA markers (Rani and Raina. 2000, Rahman and Rajora, 2001). At 
present. advancement in molecular techniques has proved that the lack of any 
morphological differences does not preclude the possibility of any genetic changes 
during micropropagation. Therefore, it is required to assess the genetic stability by 
highly efficient molecular markers. 
The use of molecular markers such as RAPD, AFLP, MSAP and ISSRs are being 
rapidly integrated as routine laboratory tools available for quick assessment of the 
genetic stability of micropropagated plants (Saker er al., 2006. Smykal er al., 2007). 
Among the different available markers, the randomly amplified polymorphic DNA 
(RAPD) and the inter-simple sequence repeat (ISSR) have been favored because of 
their sensitivity, simplicity, fast, cost-effectiveness, highly discriminative and reliable 
(Yang et al., 1996). They require lesser amounts of DNA sample without involving 
radioactivity tests and do not need any prior sequence information to design the 
primer (Mohanty et ul.. 2011). The use of two markers, which amplify different 
regions of the benome, allows better chances for the identification of genetic variation 
(Martins ei al., 2004). Therefore, in present study, RAPD and ISSR markers have 
been utilized for detecting genetic stability in nodal and somatic embryos derived 
plants. 
5.13.1. Genetic stability in nodal derived plants 
The plants regenerated from axillary buds or from other well developed meristematic 
tissue showed the lowest tendency for genetic variation. Still plants derived from 
organised mcristems are not always genetically true to the type in many crops 
(Devanumath et al., 2002). Hence, it becomes essential to regularly check the genetic 
purity of the micropropabated plants in order to produce clonally uniform progeny 
while using different techniques of micropropabation. However, my results showed 
that thirty three (17 from Kit B and 16 from Kit C) RAPD and twelve ISSR primers 
produced nionomorphic bands continuing the genetic homogeneity of the in afro 
regenerants obtained through nodal explants. Genetic integrity by RAPD and ISSR 
analysis has earlier been reported in many medicinal plant species i.e. almond 
(Martins et al.. 2004). Vanilla (Vanilla planifblia Andrews) (Sreedhar ci al., 2007), 
Zingiber rttbens (Mohanty cat al., 2011). Rauvo!/ia serpentina (Faisal et al., 2012). 
Rainviolfla fetraphvtla (Faisal ci al., 2012) and Celastrus paniculafns (Senapati et al., 
2013). 
5.13.2. Genetic similarity in somatic embryos derived plants 
Somatic embrvogencsis is not only based on single cell origin, but also helps to obtain 
large number of plants for screening and evaluation. The quality of somatic 
embryogenesis depends on the production of true to type plants. Thus, in the present 
work, genetic stabilit` was also continued using RAPD and ISSR markers. RAPD 
profile obtained through amplification of genomic DNA of the somatic embryos 
derived plants and that of the source plant were similar and no polymorphic bands 
were seen. This clearly specified the genetic integrity and true-to-type nature of the 
regenerants. RAPD has been proven to be a suitable molecular technique to detect the 
genetic stability in in vitro grown medicinal plants including Trlophora indica 
(Jayanthi and Mandal. 2001). I'ocnicutu,u ►'ulgare (Bennici et a1.. 2004), Curctthiko 
orchioidcs (Patel ci al., 2_01 1) and C hloroplvtum borivilianw n (Rizvi et al.. 2012). 
Besides RAPD. the amplification products obtained by ISSR primers were also 
monomorphic across all the micropropagated plants. The monomorphic handing 
pattern in somatic embryos derived plants and the mother plant confirms the genetic 
homogeneity of the in vitro raised plants. A somewhat similar observation was 
reported by Joshi and Dhawan (2007) in Suertia clriraritc. Kumar c't ul.. (201 1) in 
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Simmondsia chinensis, Carra et al., (2012) in Capparis spinosa and Nang et al., 
(2012) in Clivia minima. 
ISSR primers were more responsive in terms of number of bands generated per primer 
than RAPD. These differences may be due to the high inciting temperature for the 
ISSR primers, which permits much more stringent annealing conditions and, 
consequently, more specific and reproducible amplification. Devarumath et al., 
(2002) revealed that ISSR fingerprints detected more polymorphic loci than RAPT] 
fingerprinting. 
In the present study, however, neither somatic emhryogenic cultures nor axillary bud 
derived plantlets exhibited genetic differences from their mother plant. There arc a 
number of reports in the literature which cites similar results in different plants such 
as S%t'crtia chiravita (Joshi and Dhawan. 2007) and Sapindus n•ifoliau►s (Asthana et 
al., 2011). Somatic embryogenesis is usually considered best next to axillary 
multiplication as there is stringent genetic control throughout the somatic embryo 
formation and the selection pressure against the abnormal types is considerably high 
(Leroy et al., 2000). 
The findings with molecular methods demonstrate that in vitro propagation protocols 
developed apparently did not induce genetic changes among the reacnerants. Our 
regeneration protocol can he used for the in vitro propagation of Althaea officinalis 
with low risk of genetic variability. Due to high reproducibility and reliability. RAPD 
and ISSR markers can be efficiently used for determining the genetic homogeneity 
among tissue culture raised plants. 
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Chapter 6: SUMMARY AND CONCLUSIONS 
.1lthaea cr/jicincr/i.,, is an important medicinal herbaceous plant with a multitude of' 
potential uses. The plant is used to treat a wide range of diseases. .1lthaea roots are 
known to contain relatively high mucilage content. which makes this herb excellent 
demulcent. emollient, expectorant. diuretic and anti-inflammatory. A. oflicinalis is 
also used for tixxl and fodder purposes. 
Despite being it valuable medicinal plant. no work has been done on tissue culture of 
A. ofjicinalis. In this study. an in rirro rapid propagation system via axillary bud 
proliferation, indirect organogencsis and somatic emhryogenesis has been developed 
for A. off icim,Ii. I.. 
Histological and scanning electron microscopical analysis was also performed to 
validate the developmental changes during somatic embryogenesis. The ellects of 
different light intensities were examined on photosynthetic parameters and response 
of antioxidant enzymatic system during the ex vitro establishment of tissue culture 
raised plantlets. Genetic stability was confirmed by using RAP!) and ISSR techniques 
among, regenerants 1 nodal and somatic embryos derived plants). 
The core findings are summed up as under this section. 
!! strength MS medium was best for seeds germination. Various explants. obtained 
from aseptic seedling and nature plant were tried for in vitro plant regeneration 
through different mode as axillar) bud proliferation, indirect organogcncsis and 
somatic embryogenesis. 
Direct multiplication was carried out on MS medium supplemented with various 
concentrations (0.5-10.0 µM) of 6-bcnzyladcninc (RA). kinctin (Kn). 2- 
isopentenyladenine (2-il') alone or in combination with different concentrations (0.12-
1.5 µM) of auxins Ia-naphthalene acetic acid (NA,\). indolc-3-butyric acid (IRA) and 
indole-:-acetic acid (IAA)J or thidiazuron (TDL. 0.1-1.0 )LM) in all the tested 
explants. Among different explants (nodal (N) segments and seedlings derived 
explants. cotyledonary- node.(N and aseptic nodal. AN) tested. nodal (AN) explants 
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from 4-week-old axcnic seedlings yielded an optimal shoot regeneration frequency 
(86.2%). maximum number (12.0 f 0.70) of shoots and mean shoot length of 2.9 ± 
0.03 cm on MS medium supplemented with 7.5 pM BA after 4 weeks of culture. 
Furthermore. additions of auxins at lower concentration enhanced the shoot 
multiplication rate. Highest number (26.2 s 0.73) of shoots per nodal explant with 
mean shoot length of 4.8 - 0.07 cm were achieved on MS medium augmented with 
7.5 pM BA and 0.5 pM NAA after 8 weeks in 95.2% cultures. 
After the development of reliable protocol for micropropagation. the effect of 
different basal media, carbohydrates concentrations and phi values were also studied 
on the shoot morphogenesis from seedling derived nodal explants. Among the 
different media tried. MS medium was found to be the best basal medium followed by 
MS. 1.2 and BS media containing BA (7.5 pM) and NAA (0.5 pM) after 8 weeks of 
culture. In addition. 3% (wfv) sucrose and 5.8 pH exhibited more pronounced shoot 
growth on optimized plant growth regulators regime (MS - 7.5 µM BA + 0.5 pM 
NAA) in 95.2 % culture. 
Callus was successfully induced from leaf (CV and I,V) explants when cultured on 
MS medium supplemented with different concentrations (5.0 - 25.0 µM) of 2,4-D. 
Maximum frequency (98.3% in CV and 49.3% in LV) of yellowish callus was 
observed on 15.0 pM 2.4-D. Callus derived from leaf segments when subcultured on 
liquid MS medium supplementation with reduced concentration of 2.4-D (7.5µM) and 
20.0 gM AdS induced adventitious buds after 6 weeks of incubation. BA at 5.0 pM in 
combination with 0.25 pM NAA exhibited a synergistic effect where maximum shoot 
regeneration frequency (81.3%). highest number (24.6 t 0.88) of shoots and longest 
shoot length (4.4 ± 0.08 cm) was observed after 8 weeks of culture. 
Adventitious root induction in both type of regenerated shoots (direct and indirect 
regenerated) was achieved separately with various auxins (IRA. NAA and IAA) at 
lower (0.1-2.0 pM) or higher concentrations (10.0-30.0 µM). %z MS medium 
supplemented with higher concentration of indole-3-butyric acid (IBA) gave a more 
potent result for rooting on direct regenerated shoots. The maximum frequency of root 
formation (89.0%). number (8.2 ± 0.58) of roots per shoot and root length (3.0 ± 
0.09) cm was achieved on '/2 MS medium containing 20.0 pM IBA after 4 weeks. 
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To reduce labor, cost and time, an experiment on cx-►'ttro rooting was also carried out 
and it was observed that highest percent (71.0%) of ex-vitro shoots rooted when basal 
end of shoots was treated with 200 µM IBA for 30 min prior to transfer in sterile 
soilrite. 
The regenerated plantlets were successfully acclimatized first under growth chamber 
in sterile soilrite. followed by their transfer to field conditions with S8.0% survival 
rate in garden : sandy soil (1:1) after 8 weeks of transfer. 
Regarding direct somatic emhryogenesis. a new and efficient protocol was developed 
by using intemodal explants. Direct somatic emhryogenesis has a lower probability of 
genetic variation than other propagation methods. Internodal segments When cultured 
on MS medium supplemented with 2,4-dichloro phenoxy acetic acid (2,4-D, 10.0 µM) 
produced globular embryos directly at cut edges and spread over the surface. During 
subculturing on a medium containing 10.0 pM 2,4-D along with 1.0 pM BA, globular 
embryos converted into heart shaped (7 weeks) and torpedo stage embryos (8 weeks). 
These embryos attained maturity (cotyledonary stage) on a liquid MS medium 
containing BA (0.1- 1.0 pM) along with ABA (0.5-1.5 jiM). The highest yield 
(58.0%) with optimum number (35.0 ± 0.57) of mature embryos (cotyledonary stage) 
was obtained with 0.5 jiM BA along with 1.0 pM ABA after 2 weeks of transfer. 
Germination of somatic embryos was characterized by simultaneous production of 
shoots and roots. Genninated somatic embryos further elongated and developed into 
complete plantlets on liquid ! ; MS medium without growth regulators. Well-
developed plantlets showed normal growth when transferred to pots containing sterile 
soilrite followed by their transfer in field condition. 
Histological study continued that somatic embryos originated directly on the cut 
surface of internodal explants. Development of somatic embryos appeared to progress 
through typical (,lobular, heart, torpedo-shaped and cotyledonary) stages. which 
confirmed that these structures were true somatic embryos. Further, scanning electron 
microscopical study (SEM) showed that internodal explants fi)llowed the somatic 
embryogenic pathway. These observations suggested that high efficiency of direct 
somatic embers production is both cost and time effcctive. Therefore, this useful 
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system can be applied for the micropropagation and for further development of a 
genetic transformation procedure for this important medicinal plant. 
Synthetic seeds were developed by encapsulating the nodal segments, which were 
pretreated by an auxin (IBA) to develop root primordia and used for plant 
regeneration. The best complexation for the preparation of synthetic seeds was 
achieved using 3% sodium alginate and 100 mM CaCl2. Conversion of encapsulated 
beads into plantlets was best (66.0%,o) on MS medium augmented with BA (7.5 µM) 
and NAA (0.5 µM) after 8 weeks. The encapsulated nodal segments could be stored at 
low temperature (4°C) up to 4 weeks with a survival frequency of 64.6 % followed by 
their development into complete plantlets on regeneration medium. Well-developed 
plantlets retrieved from encapsulated nodal segments were hardened, acclimatized and 
successfully established in sandy - garden soil (1:1) and maintained in field 
conditions where they grew normally with 85% survival. 
Considerable efforts have been made during acclimatization (from 0-28 days) of in 
vitro raised plantlets under two light irradiances (PPFD 50 p mol m'2s- ' and 300 p mol 
m's1). Increase in the chlorophyll (a and b), carotenoids and net photosynthetic rate 
after 07 days of acclimatization revealed an autotrophic behavior of plants under ex-
vitro condition. However, higher level of antioxidant enzyme activities viz., SOD, 
CAT, APX and GR were recorded under HL than LL, which reflect the plant's 
capacity to develop antioxidant mechanisms during acclimatization and determine the 
ability to survive in oxidative stress. Therefore, decreasing trends in MDA and H,O2 
were observed after 14 days of acclimatization, which indicate the lesser degree of 
membrane damage under different light intensities. This study is also closure to the 
natural conditions in the field, where light intensities plays an important role in the 
development of the plantlets. The light intensity (PPFD) of 300 pmol in s" I appeared 
to be the best for growth of plantlets in present study. 
Plants obtained through axillary shoot proliferation from nodal segments and direct 
somatic embryogenesis were evaluated for genetic integrity by using molecular 
marker analysis (RAPD and ISSR). 33 RAPD and 12 ISSR primers produced 
monomorphic bands that confirmed the genetic similarity of the in vitro raised 
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regenerants along with the donar plant. The number of bands generated per primer 
was greater in ISSR than RAPD. Genetic fidelity as revealed by monomorphic 
handing pattern indicated that the modes of regeneration attempted were appropriate 
for obtaining true-to type plants. 
Considering all aspects of my study. I conclude that the findings would help in the 
conservation and mass propagation of A. ojcinalis and provide a possible lead to 
design adequate methods for acclimatization of other medicinally and economically 
important plants to ex vitro conditions. 
Direct regeneration through axillary bud proliferation demonstrated a rapid and 
reproducible protocol for the in vitro propagation of A. officincilis. Inspite of mass 
propagation the established protocols provide genetic stability among the regenerants 
derived from the nodal segments using RAPD and ISSR primers. 
Furthermore, development of an efficient callus induction protocol is expected to he 
of immense practical importance in selection and regeneration of cell lines of A. 
ofcinalis with enhanced content of medicinally important phytophannaceuticals. The 
conditions of callusing and regeneration can also be used in genetic transformation 
studies for increasing phytopharmaceutical production through metabolic engineering 
using Agrohactericun-mediated transformation. 
Somatic embryogenesis might help us to understand the cellular switches that plants 
use to stay totipotent while keeping cell division, growth and organization under 
control. The suitability of standardized protocol via direct somatic embryogenesis 
with respect to the production of genetically identical and stable plants has been 
demonstrated may enhances the utility of the protocol developed during the study. 
'I he present encapsulation approach using vegetative propagules pro ide an 
alternative method of propagation for this valuable medicinal plant. Successful plant 
retrieval from encapsulated nodal segments following their storage at low temperature 
indicate that the standardize method could be potentially used to preserve desirable 
elite genotype oft o/ticinalis over a short period. 
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Also, direct conversion of encapsulated nodal segments into plantlets in sterilized 
soilritc moistened with 'h MS medium exhibited that present protocol may be useful 
in developing a cost effective propagation system for A. ofjicmnlis. The results 
described here could be a perquisite for exploring the production of synthetic seeds in 
which unipolar regrowth occurs during conversion of synthetic seeds into plantlets. 
Techniques developed during the study would provide the means to efficiently 
transfer gennplasm between laboratories and produce suitable plantlets for 
acclimatization and growth in nurseries. 
The changes in chlorophyll (a and b), carotenoid, photosynthetic rate (PN ratio), 
MDA and antioxidant enzyme activities demonstrated that tissue cultured plants 
developed defense mechanisms against oxidative stress within two to three weeks to 
survive in high light and play an important role for better environmental adaptation of 
plantlets transplanted from in vitro conditions. This study provides an important 
information for acclimatization of other medicinally important plants to ex vitro 
conditions. 
Thus, present protocols using different explants explore the regeneration potentiality 
of A. of ficinulis with the process of organogenesis and somatic embryogenesis, as well 
as tolerance capacity of micropropagated plants under different light regimes during 
acclimatization increases the worth of micropropagation. '[he present investigation 
can also be utilized for the production of secondary metabolites round the year. 
Further, genetic fidelity as assessed by using RAPD and ISSR markers would be 
helpful in commercial industries for providing large number of cloned plants of A. 
of/icinalis and for its reintroduction into the original or favorable habitats for 
conservation and sustainable utilization. It is hoped that the present study would 
provide new ideas for future work in this field. 
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